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TREATMENT OF HOT FLASHES, IMPULSE CONTROL DISORDERS AND 
PERSONALITY CHANGE DUE TO A GENERAL MEDICAL CONDITION 

Background of the Invention 

Field of the Invention 

The present invention relates to the fields of pharmaceutical chemistry and central 
nervous system medicine. More particularly, the present invention provides methods for 
the prevention or treatment of hot flashes or vasomotor symptoms, impulse control 
disorders and personality change due to a general medical condition. 

Description of Related Art 
Hot Flashes 

Hot flashes (also known as "hot flushes") are characterized by a warming 
sensation that begins in the chest and moves towards the neck and head, and are often 
accompanied by sweating, palpitations, and cutaneous flushing. The episodes last from 
30 seconds to 10 minutes. The majority of postmenopausal women will experience hot 
flashes and night sweats (vasomotor symptoms), with a significant percentage of these 
women continuing to suffer symptoms for more than five years (Psychosom. Med. (1965) 
27:266; Med. Gynecol. Soc. (1969) 4: 268). Women who have undergone bilateral 
oophorectomy, radiotherapy, or treatment" with GnRH (gonadotropin releasing hormone) 
agonists are particularly prone to hot flushes (Br. J. Obstet. Gynaecol. (1977) 84:769). 
Men have also been reported to experience vasomotor symptoms following treatment 
with a GnRH agonist (N. Engl. J. Med. (1981) 305:663) or after orchidectomy (Urology 
(1980) 16:620). 

In spite of being identified as an ailment of menopause for hundreds of years, the 
precise mechanism underlying the cause of hot flashes is not clear. However, the link 
with declining estrogen levels (due to natural menopause or otherwise) is widely 
accepted. As mentioned above, women undergoing natural, surgical, or chemically- 
induced ovarian failure suffer from vasomotor symptoms. In addition, the anti-cancer 
drug tamoxifen is known to induce hot flushes in more than 50% of patients (Arch. 
Intern. Med (1991) 151:1842), presumably due to antagonism (or partial agonism) of the 



WO 2005/060949 



PCTYUS2004/038221 



-2- 

estrogen receptor in the hypothalamus. Interestingly, women with low estrogen levels 
due to ovarian dysgenesis do not suffer from hot flashes unless they are first given 
hormone replacement therapy and then have it discontinued (Clin. Endocrinol (Oxf) 
(1985) 22:293). Estrogen or honnone replacement therapy (ERT or HRT, respectively) is 
current the gold standard treatment and is effective in greater than 80% of women who 
initiate treatment, which again is supportive of an estrogenic role in the etiology of hot 
flushes. 

The hot flash event itself is thought to be centrally mediated, resulting from a 
transient lowering of the thermoregulatory set point in the hypothalamus (for a review, 
see: Can. J. Physiol Pharmacol (1987) 65:1312). Regulation of the thermoregulatory 
process may involve catecholamines, estrogen, testosterone, opioids, and serotonin, 
among others (for a review, see: Mayo. Clin. Proc. (2002) 77:1207). In fact, compounds 
that modulate the signaling pathway of each of these hormones/neurotransmitters have 
been evaluated for the treatment of hot flushes. Clonidine, an a-adrenergic agonist used 
to treat hypertension, has been used clinically with mixed results. Several studies have 
reported some efficacy (e.g., Ann. Intern. Med (2000) 132:788; Br. Med. J. (1974) i, 
409), while others were unable to confirm effectiveness (Maturitas (1978) 1:21; Med J. 
Aust. (1986) 144:369). As mentioned above, estrogen is highly efficacious, and is the 
current treatment of choice where not contraindicated. Danazol, a corticosteroid with 
anti-androgen properties, showed some efficacy in treating hot flashes (Fertil Steril 
(1985) 43:401) and a combination of methyltestosterone with estrogen showed significant 
symptom relief. There have been conflicting reports surrounding the ability of the opioid 
receptor antagonist naloxone to effectively treat hot flushes (Br. J. Obstet. Gynaecol. 
(1981) 88:919; J. Clin. Endocrinol. Metab. (1984) 58:578; Clin. Endocrinol (1985) 
22:293). Accounts of clinical efficacy with anti-depressants for treating hot flushes have 
been described recently (for a review of the role of serotonin in hot flashes, see Maturitas 
(2000) 36:155). For example, the selective serotonin reuptake inhibitors (SSRIs) 
fluoxetine (J. Clin. Oncol. (2002) 20:1583) and paroxetine (JAMA (2003) 289: 2827) 
have demonstrated some efficacy. Furthermore, venlafaxine, which has mixed serotonin 
and norepinephrine reuptake inhibition properties, has recently been shown to be 
clinically efficacious (Lancet (2000) 356:2059). 

In addition to the agents describe above that have been postulated to affect the 
themoregulatory set point described above, several other hot flash treatments have been 
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investigated. Of these, the progestins have demonstrated noteworthy efficacy. For 
example, megestrol has been shown to be equally efficacious in men and women 
suffering from hot flashes (N. Engl J. Med. (1994) 331:347). Depomedroxyprogesterone 
acetate has also been investigated (Obstet Gynecol (1984) 63:1) as has transdermal 
5 progesterone cream (Obstet Gynecol (1999) 94:225). In addition, combinations of 

estrogen and progestins have demonstrated efficacy and are widely used by post- 
menopausal women who have not undergone hysterectomy. Other therapies explored for 
hot flash treatment include tibolone, a conipound with estrogenic, androgenic, and 
progestogenic activity (Br. J. Obstet Gynecol (1998) 105:904), the anti-epileptic 
1 0 gabapentin (Neurology (2000) 54:2161), the dopamine antagonist veralipride (Obstet 

Gynecol (1998) 72:688), vitamins (J. Clin. Oncol (1998) 16:495), herbal remedies such 
as black cohosh (/. Clin. Oncol (2001) 19:2739), and soy proteins (/. Nutr. (2001) 131 
(11, suppl.): 3095s). 

In spite of the apparent large number of treatments for vasomotor symptoms, all 
15 the current therapies either suffer from poor efficacy, are associated with unacceptable 

side effects, or are contraindicated for certain patient populations. For example, estrogen 
replacement therapy is not recommended for women with a history of breast cancer, 
uterine cancer, ovarian cancer, or venous thromboembolism. Recent data also suggest 
that HRT may not be suitable for women with coronary artery disease. Generally, non- 
2 0 hormonal treatments are not fully efficacious (e.g., clonidine) and/or cause adverse 

effects (venlafaxine, gabapentin). There therefore remains an unmet medical need for hot 
flash therapies that overcome the liabilities of current treatments. 
Impulse Control Disorders 

The Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text 

2 5 Revision (DSM-IV-TR™) ((2000) American Psychiatric Association, Washington, D.C.) 

describes a unique set of disorders known as 'Impulse-Control Disorders Not Elsewhere 
Classified." These disorders are characterized by a failure to resist an impulse, drive, or 
temptation to perform an act that is harmfiil to the person or to others. In most of these 
disorders, the individual feels an increasing sense of tension or arousal before committing 

3 0 the act, and then experiences pleasure, gratification, or relief at the time of committing the 

act Afterwards, there may or may not be regret, self-reproach, or guilt. 
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Impulse-Control Disorders Not Elsewhere Classified in the DSM-IV-TR™, and 
their DSM code numbers, include: 

Intermittent Explosive Disorder (3 12.34), involving discrete episodes of failure to 
resist aggressive impulses resulting in serious assaults or destruction of property; 

Kleptomania (312.32), involving the recurrent failure to resist impulses to steal 
objects not needed for personal use or monetary value; 

Pyromania (312.33), involving a pattern of fire setting for pleasure, gratification, 
or relief of tension; 

Pathological Gambling (312.31), involving recurrent and persistent maladaptive 
gambling behavior; 

Trichotillomania (312.39), involving recurrent pulling out of one's hair for 
pleasure, gratification, or relief of tension that results in noticeable hair loss; and 

- Impulse-Control Disorder Not Otherwise Specified (3 12.30), involving disorders 
of impulse control that do not meet the criteria for any of the specific Impulse-Control 
Disorders described above or in other sections of the manual. 

Research has demonstrated the benefits of large doses of adrenergic beta-blockers 
in reducing impulsive aggression. Reduction of mood lability and anxiety which 
exacerbate and contribute to impulsive behaviour have been demonstrated with mixed 
monoamine reuptake inhibitors. However, there is currently no specific pharmacologic 
treatment for the treatment of impulse control disorders and non- 

pharmacologk^ehavioral treatments have shown only marginal success in the treatment 
of these disorders. There therefore remains an unmet medical need for the treatment of 
impulse control disorders. 

Personality Changes due to a General Medical Condition 

Patients who have suffered a traumatic brain injury, stroke, surgery for seizures, 
metabolic insults, or other medical conditions often experience changes in their 
personality. DSM-IV includes criteria for a diagnosis of personality change due to a 
general medical condition (code 3 10. 1) that is described as a peristent personality 
disturbance that is judged to be due to the direct physiological effects of a general 
medical condition. Subtypes of personality change due to a general medical condition 
include: labile type (predominant feature is affective lability), disinhibited type 
(predominant feature is poor impulse control), aggressive type predominant feature is 
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aggressive behavior), apathetic type (predominant feature is marked apathy and 
indifference), paranoid type (predominant feature is suspiciousness or paranoid ideation), 
other type (predominant feature is not included in the previous list), combined type (used 
if more than one feature is predominant), and unspecified type. The diagnosis of 
personality change due to a general medical condition does not involve changes in 
cognition, since those are covered under other diagnoses within the DSM-IV. 

There is currently no specific pharmacologic treatment for the treatment of 
personality change due to a general medical condition. There therefore remains an unmet 
medical need for the treatment of personality change due to a general medical condition. 

Summary of the Invention 

The present invention provides a method for treating or preventing hot flashes or 
vasomotor symptoms in a patient comprising the administration of a therapeutically 
effective amount of a selective norepinephrine reuptake inhibitor. 

In another embodiment, the present invention provides the use of a selective 
norepinephrine reuptake inhibitor for the manufacture of a medicament for the treatment 
or prevention of hot flashes or vasomotor symptoms. 

The present invention also provides a method for treating or preventing impulse 
control disorders in a patient comprising the administration of a therapeutically effective 
amount of a selective norepinephrine reuptake inhibitor. 

In another embodiment, the present invention provides the use of a selective 
norepinephrine reuptake inhibitor for the manufacture of a medicament for the treatment 
or prevention of impulse control disorders. 

The present invention also provides a method for treating or preventing 
personality change due to a general medical condition in a patient comprising the 
administration of a therapeutically effective amount of a selective norepinephrine 
reuptake inhi bitor. 

In another embodiment, the present invention provides the use of a selective 
norepinephrine reuptake inhibitor for the manufacture of a medicament for the treatment 
or prevention of personality change due to a general medical condition. 

Further scope of the applicability of the present invention will become apparent 
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fiom the detailed description provided below. However, it should be understood that the 
detailed description and specific examples, while indicating preferred embodiments of the 
present invention, are given by way of illustration only since various changes and 
modifications within the spirit and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

Detailed Description of the Invention 

The following detailed description of the invention is provided to aid those skilled 
in the art in practicing the present invention. Even so, the following detailed description 
should not be construed to unduly limit the present invention as modifications and 
variations in the embodiments discussed herein can be made by those of ordinary skill in 
the art without departing from the spirit or scope of the present inventive discovery. 

The contents of each of the references cited herein are herein incorporated by 
reference in their entirety. 

The present invention provides a method for treating or preventing hot flashes or 
vasomotor symptoms in a patient comprising the administration of a therapeutically 
effective amount of a selective norepinephrine reuptake inhibitor. In a preferred 
embodiment the patient is a postmenopausal woman. In another preferred embodiment 
the patient is a woman who has undergone bilateral oophorectomy, radiotherapy, or 
treatment with a GnRH (gonadotropin releasing hormone) agonist. In another preferred 
embodiment the patient is a woman who has undergone natural, surgical, or chemically- 
induced ovarian failure. In another preferred embodiment the patient is a man who has 
undergone treatment with a GnRH agonist or an orchidectomy. In another preferred 
embodiment the patient is a person, especially a woman, who has undergone treatment 
with the anti-cancer drug tamoxifen. 

The present invention also provides a method for treating or preventing impulse 
control disorders in a patient comprising the administration of a therapeutically effective 
amount of a selective norepinephrine reuptake inhibitor. In a preferred embodiment the 
impulse control disorder is selected from the group consisting of intermittent explosive 
disorder, kleptomania, pyromania, pathological gambling, trichotillomania and impulse- 
control disorder not otherwise specified. 
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The present invention also provides a method for treating or preventing 
personality change due to a general medical condition in a patient comprising the 
administration of a therapeutically effective amount of a selective norepinephrine 
reuptake inhibitor. In a preferred embodiment the personality change is selected from the 
5 group consisting of labile type, disinhibited type, aggressive type, apathetic type, paranoid 

type, combined type and unspecified type. 

The methods of the present invention rely on a novel mechanism of action, i.e., 
selective inhibition of norepineprhine reuptake, and comprise administering to a mammal 
in need of such prophylactic or therapeutic treatment an effective amount of a selective 
1 0 norepinephrine reuptake inhibitor. This mechanism is operative in mammals, with the 

preferred mammal being a human. 

Norepinephrine Reuptake Inhibitors Useful in the Present Invention 

Many compounds, including those discussed at length below, are selective 
1 5 norepinephrine reuptake inhibitors, and no doubt many more will be identified in the 

future. In the practice of the present invention, it is intended to include reuptake 
inhibitors which show 50% effective concentrations of about 1000 nM or less, in the 
protocol described by Wong et al f Drug Development Research, 6, 397 (1985). The 
norepinephrine reuptake inhibitors useful for the method of the present invention are 

2 0 characterized in being selective for the inhibition of neurotransmitter reuptake relative to 

their ability to act as direct agonists or antagonists at other receptors. It is preferred that 
the compounds useful for the method of the present invention are selective for the 
inhibition of norepinephrine reuptake relative to direct agonist or antagonist activity at 
other receptors by a factor of at least ten. Preferably, compounds useful for the method of 
25 the present invention are selective for the inhibition of norepinephrine reuptake relative to 

direct agonist or antagonist activity at other receptors by a factor of at least one hundred. 
In particular it is preferred that the compounds useful for the method of the present 
invention demonstrate such selective inhibition of norepinephrine reuptake relative to the 
inhibition of dopamine and serotonin reuptake. 

3 0 Norepinephrine reuptake inhibitors useful in the compositions and methods of the 

present invention include, but are not limited to,: 
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1. Atomoxetine (formerly known as tomoxetine), (R)-(-)-N-methyl-3-(2-methyl- 
phenoxy)-3-phenylpropylamine, is usually administered as the hydrochloride salt. 
Atomoxetine was first disclosed in U.S. Patent No. 4,314,081. The term "atomoxetine" 
will be used here to refer to any acid addition salt or the free base of the molecule. See, 
for example, Gehlert et al. (1993) Neuroscience Letters 157:203-206, for a discussion of 
atomoxetine's activity as a norepmephrine reuptake inhibitor; 

2. Reboxetine (Edronax™; Prolift™; Vestra™; Norebox™), 2-[a-(2- 
ethoxy)phenoxy-benzyl]morpholine, first disclosed in U.S. Patent 4,229,449 for the 
treatment of depression, is usually administered as the racemate. Reboxetine is a 
selective norepinephrine reuptake inhibitor. The term "reboxetine" as used herein refers 
to any acid addition salt or the free base of the molecule existing as the racemate or either 
enantiomer, i.e., (S,S)-reboxetine or (R,R)-reboxetine. The use of (S,S)-reboxetine as a 
preferred selective norepinephrine reuptake inhibitor is disclosed in PCT International 
Publication No. WO 01/01973. 

3. A compound of formula I: 



a: 




(D 

wherein X is C,-C 4 alkylthio, and Y is C,-C 2 alkyl or a pharmaceutical^ acceptable salt 
thereof. The compounds of formula I have been described in U.S. Patent No. 5,281,624, 
and in Gehlert et al. (1995) Life Sciences, 55(22):1915-1920. These compounds are 
disclosed as being inhibitors of norepinephrine reuptake in the brain. It should be noted 
that these compounds exist as stereoisomers, and accordingly include not only the 
racemates, but also the isolated individual isomers as well as mixtures of the individual 
isomers. For example, the compounds of formula I include the following exemplary 
species: 

N-ethyl-3-phenyl-3-(2-methyltbiophenoxy)propyl-aminebenzoate; 

(R)-N-methyl-3-phenyl-3-(2-propyltWophenoxy)-propylammehyclrc)chloride; 

(S)-N-ethyl-3-phenyl-3-(2-butyltWophenoxy)propyl-amine; 
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N-methyl-3-phenyl-3-(2-e^ 

(S)-N-methyl-3-phenyl-3-(2-t^-butylthiophenoxy)-propyla^ naphthalene-2- 



wherein n is 1, 2 or 3; Rl is C2-Cioalkyl, C2-Cioalkenyl, C3-Cgcycloalkyl or C4- 
CiQcycloalkylalkyl, wherein one C-C bond within any cycloalkyl moiety is optionally 
substituted by an O-C, S-C or C=C bond and wherein each group is optionally substituted 
with from 1 to 7 halogen substituents and/or with from 1 to 3 substituents each 
independently selected from hydroxy, cyano, Ci-C4alkyl, Ci~C4alkylthio (optionally 
substituted with from 1 to 3 halogen atoms) and Ci-C4alkoxy (optionally substituted 
with from 1 to 3 halogen atoms); R2 is H, Ci-C4alkyl (optionally substituted with from 1 
to 7 halogen atoms), Ci-C4alkyl-S(0) x - wherein x is 0, 1 or 2 (optionally substituted 
with from 1 to 7 halogen atoms), Cj-C4alkoxy (optionally substituted with from 1 to 7 
halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 3 
substituents each independently selected from halogen, Ci-C4alkyl and Ci^alkoxy), 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci-C4alkyl and Ci-C4alkoxy) or -C02(Ci-C4alkyl), or together with R3 
forms a further benzene ring (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, Ci~C4alkyl and Ci-C4alkoxy); R3 is H, Ci~ 
C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkyl-S(0) x - 
wherein x is 0, 1 or 2 (optionally substituted with from 1 to 7 halogen atoms), C]- 
C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, halogen, 
phenyl (optionally substituted with from 1 to 3 substituents each independently selected 



sulfonate; and 



(R)"N-methyl-3~(2-methyltMophenoxy)-3~phenyl-propylamine. 
4. A compound of formula (IA) 




OA) 
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from halogen, Ci-C 4 alkyl and C^C^alkoxy), phenoxy (optionally substituted with from 
1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and Ci- 
C 4 alkoxy) or -002(0! -C4alkyl), or together with R2 or R4 forms a further benzene ring 
(optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci-Qalkyl and C 1 -C 4 alkoxy); R4 is H, Ci-C 4 alkyl (optionally substituted 
with from 1 to 7 halogen atoms), C 1 -C 4 alkyl-S(0) x - wherein x is 0, 1 or 2 (optionally 
substituted with from 1 to 7 halogen atoms), Ci-C 4 alkoxy (optionally substituted with 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independently selected from halogen, Ci-C 4 alkyl and Ci-C 4 alkoxy), 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci-Qalkyl and Cx-Qalkoxy) or -C0 2 (Ci-C 4 alkyl), or together with R3 
forms a further benzene ring (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, Cx-C^alkyl and Ci-C 4 alkoxy); R5 is H, Ci- 
C 4 alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci-C 4 alkoxy 
(optionally substituted with from 1 to 7 halogen atoms) or halogen; R6 is H, Ci-C 4 alkyl ' 
(optionally substituted with from 1 to 7 halogen atoms), Ci-C 4 alkoxy (optionally 
substituted with from 1 to 7 halogen atoms) or halogen; R7 is H or Ci-C 4 alkyl; R8 is H 
or C!-C 4 alkyl; R9 is H, halogen, hydroxy, cyano, Ci-Qalkyl or Ci-C 4 alkoxy; and R10 

is H, halogen, hydroxy, cyano, Ci-C 4 alkyl or C!-C 4 alkoxy; or a pharmaceutical^ 

acceptable salt thereof, with the proviso that the compound N-ethyl-N-benzyl-4- 

piperidinamine is excluded. 

With respect to compounds of formula (IA), the term '^-Cjoalkyl" means a 

monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 

having from 2 to 10 carbon atoms. 

With respect to compounds of formula (IA), the term "C2-Cioalkenyl" means a 

monovalent unsubstituted unsaturated straight-chain or branched-chain hydrocarbon 

radical having from 2 to 10 carbon atoms and containing at least one carbon-carbon 

double bond. 
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With respect to compounds of formula (IA), the term "C 3 -C 8 cycloalkyl" means a 

monovalent unsubstituted saturated cyclic hydrocarbon radical having from 3 to 8 carbon 
atoms. 

With respect to compounds of formula (IA), the term "C 4 -C 10 cycloalkylalkyl" 
means a monovalent unsubstituted saturated cyclic hydrocarbon radical having from 3 to 
9 carbon atoms linked to the point of substitution by a divalent unsubstituted saturated 
straight-chain or branched-chain hydrocarbon radical having at least 1 carbon atom. 

With respect to compounds of formula (IA), the phrase "wherein one C-C bond 
within any cycloalkyl moiety is optionally substituted by an O-C, S-C or C=C bond" 
means that either (i) any two adjacent carbon atoms within a cycloalkyl ring may be 
linked by a double bond rather than a single bond (with the number of substituents on 
each carbon atom being reduced accordingly), or that (ii) one of any two adjacent C 
atoms within a cycloalkyl ring (and any substituents thereon) may be replaced by an 
oxygen or sulphur atom. Examples of Rl groups encompassed by this phrase include but 
are not limited to: 




With respect to compounds of formula (IA), the term "halo" or "halogen" means 
F,C1, Br or I. 

With respect to compounds of formula (IA), the term "Ci^alkylthio" means a 
monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 
having from 1 to 4 carbon atoms linked to the point of substitution by a S atom. 

With respect to compounds of formula (IA), the term "Ci-C4alkoxy" means a 
monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 
having from 1 to 4 carbon atoms linked to the point of substitution by an O atom. 

With respect to compounds of formula (IA), the term "phenoxy" means a 
monovalent unsubstituted phenyl radical linked to the point of substitution by an O atom. 

With respect to compounds of formula (IA), in the above definitions, similar 
terms specifying different numbers of C atoms take an analogous meaning. 

Preferred compounds of formula (IA) are those wherein n is 1 or 2. More 
preferably, n is 1. 
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Pref erred compounds of formula (IA) are those wherein R7 is H or methyl. More 
preferably R7 is H. 

Preferred compounds of formula (IA) are those wherein R8 is H. 

Preferred compounds of formula (IA) are those wherein R9 is H or fluoro. More 
preferably, R9 is H. 

Preferred compounds of formula (IA) are those wherein RIO is H or fluoro. More 
preferably, RIO is R 

Preferred compounds of formula (LA) are those wherein Rl is C2-C6alkyl, C2- 

Cgalkenyl, C3~C6cycloalkyl or C4-C7cycloalkylalkyl, each of which is optionally 
substituted with from 1 to 3 halogen atoms or a methoxy radical. More preferably, Rl is 
C2-Cgalkyl (optionally substituted with from 1 to 3 halogen atoms or a methoxy radical), 
C2-C6alkenyl, C3-C6cycloalkyl or C4-C7cycloalkylalkyL Suitable C2-C6alkyl groups 
(optionally substituted with from 1 to 3 halogen atoms or a methoxy radical) include, for 
example, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, 3-methylbutyl, 1,2- 
dimethylpropyl, 1-ethylpropyl, 3,3-dimethylbutyl, 2-ethylbutyl, 3,3,3-trifluoropropyl, 
4,4,4-trifluorobutyl and 2-methoxyethyL Suitable C2-C6alkenyl groups include, for 
example, 2-methyl-2-propenyl. Suitable C3-C6cycloalkyl groups include, for example, 
cyclopentyl. Suitable C4-C7cycloalkylalkyl groups include, for example, 

cyclohexylmethyl or cyclopropylmethyl. 

Preferred compounds of formula (IA) are those wherein Rl is a C2-Cjoalkyl 
group optionally substituted with from 1 to 7 halogen substituents and/or with from 1 to 3 
substituents each independently selected from hydroxy, cyano and Cj-C4alkoxy. More 
preferably, Rl is a C2-Cioalkyl group optionally substituted with from 1 to 3 substituents 
each independently selected from halogen, hydroxy and Cj-^alkoxy. More preferably 
Rl is C2-Cgalkyl optionally substituted with from 1 to 3 halogen atoms or a methoxy 
radical. Still more preferably Rl is C2-C6alkyl. Still more preferably, Rl is selected from 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, 3-methylbutyl, 1,2-dimethylpropyl, 
1-ethylpropyl, 3,3-dimethylbutyl and 2-ethylbutyl. Most preferably Rl is selected from n- 
propyl, n-butyl and isobutyl. 
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Preferred compounds of formula (IA) are those wherein R2 is H, Cj^alkyl 
(optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkyl-S(0) x - wherein x is 
0 or 2 (optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally 
substituted with from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally 
substituted with from 1 to 3 substituents each independently selected from halogen, Ci- 
C4alkyl and Cj^alkoxy) or phenoxy (optionally substituted with from 1 to 3 
substituents each independently selected from halogen, Ci-C4alkyl and Ci^alkoxy), or 
together with R3 forms a further benzene ring (optionally substituted with from 1 to 3 
substituents each independently selected from halogen, Ci-C4alkyl and C]-C4alkoxy). 
More preferably, R2 is H, Ci-C2alkyl (optionally substituted with from 1 to 5 halogen 
atoms), Ci-C4alkyl-S(0) x - wherein x is 0 or 2 (optionally substituted with from 1 to 5 
halogen atoms), Ci-C2alkoxy (optionally substituted with from 1 to 5 halogen atoms), 
cyano, halogen, phenyl (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, Cj^alkyl and Ci-C2alkoxy) or phenoxy 
(optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci^alkyl and Ci-C2alkoxy), or together with R3 forms a further benzene ring 
(optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci^alkyl and Ci^alkoxy). Still more preferably, R2 is H, methyl, 
trifluoromethyl, methylthio, tert-butylthio, trifluoromethylthio, methylsulfonyl, methoxy, 
ethoxy, difluoromethoxy, trifluoromethoxy, cyano, fluoro, chloro, bromo, phenyl or 
phenoxy, or together with R3 forms a further benzene ring. 

Preferred compounds of formula (IA) are those wherein R2 is not H. More 
preferably, R2 is Ci-C 4 alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci- 
C4alkyl-S(0) x - wherein x is 0 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), C]-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Cj-C4alkyl and Ci-C4alkoxy) or phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Ci~C4alkyl and 
Ci~C4alkoxy), or together with R3 forms a further benzene ring (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Cj-C4alkyl and 
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C!-C4alkoxy). More preferably, R2 is Cx^alkyl (optionally substituted with from 1 to 
5 halogen atoms), Ci-C2alkyl-S(0) x - wherein x is 0 or 2 (optionally substituted with 
from 1 to 5 halogen atoms), Ci~C2alkoxy (optionally substituted with from 1 to 5 
halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 3 
substituents each independently selected from halogen, Ci^alkyl and Ci-C2alkoxy) or 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci^alkyl and Ci^alkoxy), or together with R3 forms a further 
benzene ring (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Ci^alkyl and Ci-C2alkoxy). Still more preferably, R2 is 
methyl, trifluoromethyl, methylthio, tert-butylthio, trifluoromethylthio, methylsulfonyl, 
methoxy, ethoxy, difluoromethoxy, trifluoromethoxy, cyano, fluoro, chloro, bromo, 
phenyl or phenoxy, or together with R3 forms a further benzene ring. 

Preferred compounds of formula (IA) are those wherein R3 is H, Ci^alkyl 
(optionally substituted with from 1 to 7 halogen atoms), Cj^alkyl-S- (optionally 
substituted with from 1 to 7 halogen atoms), Ci^alkoxy (optionally substituted with 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci^alkyl and Ci-C4alkoxy) or -C02(Ci~C4alkyl), or together with R2 
or R4 forms a further benzene ring (optionally substituted with from 1 to 3 substituents 
each independently selected from halogen, Ci^alkyl and Cj^alkoxy). More 
preferably, R3 is H, Ci-C2alkyl (optionally substituted with from 1 to 5 halogen atoms), 
Ci-C2alkyl-S- (optionally substituted with from 1 to 5 halogen atoms), Ci-C2alkoxy 
(optionally substituted with from 1 to 5 halogen atoms), cyano, halogen, phenyl 
(optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Cj^alkyl and Cj^alkoxy), phenoxy (optionally substituted with from 1 to 3 
substituents each independently selected from halogen, Cj-C2alkyl and Cj-C2alkoxy) or 
-C02(Ci-C2alkyl), or together with R2 or R4 forms a further benzene ring (optionally 
substituted with from 1 to 3 substituents each independently selected from halogen, Cj- 
C2alkyl and Ci^alkoxy). Still more preferably, R3 is H, methyl, trifluoromethyl, 
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Wfluoromethylthio, methoxy, ethoxy, ctifluoromethoxy, trifluoromethoxy, cyano, fluoro, 
chloro, bromo, phenyl, phenoxy or CO2CH3, or together with R2 or R4 forms a further 
benzene ring. 

Preferred compounds of formula (IA) are those wherein R4 is H, Ci-C4alkyl 
5 (optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkyl-S- (optionally 

substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independently selected from halogen, Cj-^alkyl and Ci-C^alkoxy), 
or -C02(Cj-C4alkyl), or together with R3 forms a further benzene ring (optionally 

10 substituted with from 1 to 3 substituents each independently selected from halogen, Ci- 

C4alkyl and Ci-C4alkoxy). More preferably, R4 is H, Ci-C2alkyl (optionally substituted 
with from 1 to 5 halogen atoms), Ci-C2alkyl-S- (optionally substituted with from 1 to 5 
halogen atoms), C]-C2alkoxy (optionally substituted with from 1 to 5 halogen atoms), 
cyano, halogen, phenyl (optionally substituted with from 1 to 3 substituents each 

15 independently selected from halogen, Ci-C2alkyl and Ci-C2alkoxy), or -CC>2(Ci- 

C2alkyl), or together with R3 forms a further benzene ring (optionally substituted with 
from 1 to 3 substituents each independently selected from halogen, Ci-C2alkyl and Cj- 
C2alkoxy). Still more preferably, R4 is H, methyl, trifluoromethyl, methylthio, methoxy, 
trifluoromethoxy, cyano, fluoro, chloro, phenyl or CO2CH3, or together with R3 fonns a 

2 0 further benzene ring. 

Preferred compounds of formula (IA) are those wherein R5 is H, Cj^alkyl 
(optionally substituted with from 1 to 5 halogen atoms), Ci^alkoxy (optionally 
substituted with from 1 to 5 halogen atoms) or halogen. More preferably, R5 is H, Ci- 
C4alkyl, Ci^alkoxy or halogen. Still more preferably, R5 is H, methyl, methoxy, 

2 5 fluoro or chloro. 

Preferred compounds of formula (IA) are those wherein R6 is H, Ci-C4alkyl 
(optionally substituted with from 1 to 5 halogen atoms) or halogen. More preferably, R6 
is H, Cj-C4alkyl or halogen. Still more preferably, R6 is H, methyl, fluoro or chloro. 
Preferred compounds of formula (IA) are those wherein the group 
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R2 R3 

R6 R5 

is phenyl, 2-methylphenyl, 2-(trifluoromethyl)phenyl, 2-(methylthio)phenyl, 2- 
(tertbutylthio)phenyl, 2-(trifluoromethylthio)phenyl, 2-(methylsulfonyl)phenyl, 2- 
methoxyphenyl, 2-ethoxyphenyl, 2-(dffluoromethoxy)phenyl, 2- 
(trifluoromethoxy)phenyl, 2-cyanophenyl, 2-fluorophenyl, 2-chlorophenyl, 2- 
bromophenyl, 2-biphenyl, 2-phenoxyphenyl, 3-methylphenyl, 3-(trifluoromethyl)phenyl, 
3-(trifluoromethylthio)phenyl, 3-methoxyphenyl, 3-ethoxyphenyl, 3- 
(difluoromethoxy)phenyl, 3-(trifluoromethoxy)phenyl, 3-cyanophenyl, 3-fluorophenyl, 3- 
chlorophenyl, 3-bromophenyl, 3-biphenyl, 3-phenoxyphenyl, 3- 
(methoxycarbonyl)phenyl, 4-methylphenyl, 4-(trifluoromethyl)phenyl, 4- 
(methylthio)phenyl, 4-methoxyphenyl, 4-(trifluoromethoxy)phenyl, 4-cyanophenyl, 4- 
fluorophenyl, 4-chlorophenyl, 4-biphenyl, 4-(methoxycarbonyl)phenyl, 2,3- 
dichlorophenyl, 2,4-dimethylphenyl, 2,4-bis(trifluoromethyl)phenyl, 2,4- 
dimethoxyphenyl, 2,4-difluorophenyl, 2,4-dichlorophenyl, 2,5-dimethylphenyl, 2,6- 
dimethylphenyl, 2,6-dichlorophenyl, 2-chloro-6-fluorophenyl, 2-fluoro-6- 
(trifluoromethyl)phenyl, 3,4-dichlorophenyl, 3,5-dimethylphenyl, 3,5-dimethoxyphenyl, 
3,5-difluorophenyl, 3,5-dichlorophenyl, 3-fluoro-5-(trifluoromethyl)phenyl, 5-fluoro-2 
(trifluoromethylphenyl), 5-fluoro-2-methoxyphenyl, 4-fluoro-2-(trifluoromethyl)phenyl, 
1-naphthyl or 2-naphthyl. 

A further embodiment provides a group (Group A) of compounds of formula (IA) 
above, wherein R2, R3, R4, R5 and R6 are all H. 

A further embodiment provides a group (Group B) of compounds of formula (IA) 
above, wherein one of R2, R3, R4, R5 and R6 is not H and the others are H. 

Compounds of Group B include those (Group B2) wherein R3, R4, R5 and R6 are 
all H and R2 is Cj-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), C\- 
C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
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selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Ci^alkyl and 
Ci-C 4 alkoxy) or -C0 2 (Ci-C 4 alkyl). 

Compounds of Group B also include those (Group B3) wherein R2, R4, R5 and 
R6 are all H and R3 is Ci-Qalkyl (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 
halogen atoms), Ci-C 4 alkoxy (optionaUy substituted with from 1 to 7 halogen atoms), 
cyano, halogen, phenyl (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, Cj-Qalkyl and Ci-C 4 alkoxy), phenoxy 
(optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci-C 4 alkyl and Ci-C4alkoxy) or -C02(Ci-C 4 alkyl). 

Compounds of Group B also include those (Group B4) wherein R2, R3, R5 and 
R6 are all H and R4 is Ci-C 4 alkyl (optionally substituted with from 1 to 7 halogen 
atoms), Ci^alkyl-S^x- wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 
halogen atoms), Cj^alkoxy (optionally substituted with from 1 to 7 halogen atoms), 
cyano, halogen, phenyl (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, Ci-C4alkyl and C 1 -C 4 alkoxy), phenoxy 
(optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci-C4alkyl and Cj-C^alkoxy) or -CCtyCj-Qalkyl). 

A further embodiment provides a group (Group C) of compounds of formula (IA) 
above, wherein two of R2, R3, R4, R5 and R6 are not H and the others are H. 

Compounds of Group C include those (Group C2,3) wherein R4, R5 and R6 are 
all H; R2 is Ci-C 4 alkyl (optionally substituted with from 1 to 7 halogen atoms), C\- 
C 4 alkyl-S(0) x - wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Ci-C4alkyl and Ci-C 4 alkoxy), phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Cj^alkyl and 
Ci-C4alkoxy) or -C0 2 (C 1 -C 4 alkyl), or together with R3 forms a further benzene ring 
(optionally substituted with from 1 to 3 substituents each independently selected from 



WO 2005/060949 



PCT/US2004/038221 



-18- 

halogen, Ci^alkyl and Ci-C4alkoxy); and R3 is Ci-C4alkyl (optionally substituted 
with from 1 to 7 halogen atoms), Ci-C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally 
substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci-C4alkyl and Ci-C4alkoxy) or -CC>2(Ci-C4alkyl), or together with R2 
forms a further benzene ring (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, C]-C4alkyl and Ci-C4alkoxy). 

Compounds of Group C also include those (Group C2,4) wherein R3, R5 and R6 
are all H; R2 is Ci~C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci~ 
C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci~C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 
Cj^alkoxy) or -C02(C]-C4alkyl); and R4 is Ci-C4alkyl (optionally substituted with 
from 1 to 7 halogen atoms), Ci-C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally 
substituted with from 1 to 7 halogen atoms), Cj^alkoxy (optionally substituted with 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independently selected from halogen, Ci-C4alkyl and Cj-C4alkoxy), 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci^alkyl and Ci^alkoxy) or -C02(Ci~C4alkyl). 

Compounds of Group C also include those (Group C2,5) wherein R3, R4 and R6 
are all H; R2 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), 
C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Ci-C4alkyl and Cj-C4alkoxy), phenoxy (optionally substituted 
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with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 
Ci-C4alkoxy) or -C0 2 (C 1 -C 4 alkyl); and R5 is Ci-C 4 alkyl (optionally substituted with 
from 1 to 7 halogen atoms), Ci-C 4 alkoxy (optionally substituted with from 1 to 7 
halogen atoms) or halogen. 

Compounds of Group C also include those (Group C2,6) wherein R3, R4 and R5 
are all H; R2 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci- 
C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Ci-C4alkyl and Ci-C 4 alkoxy), phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 
Ci-C4alkoxy) or -C02(Ci-C4alkyl); and R6 is Ci-C4alkyl (optionally substituted with 
from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 
halogen atoms) or halogen. 

Compounds of Group C also include those (Group C3,4) wherein R2, R5 and R6 
are all H; R3 is Ci-C^alkyl (optionally substituted with from 1 to 7 halogen atoms), Cj- 
C 4 alkyl-S(0) x - wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Cj^alkyl and Ci^alkoxy); phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 
Ci-C4alkoxy) or -C02(Ci-C4alkyl), or together with R4 forms a further benzene ring 
(optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci^alkyl and Ci-C4alkoxy); and R4 is Ci-Qalkyl (optionally substituted 
with from 1 to 7 halogen atoms), Ci-C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally 
substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independently selected from halogen, Ci-C4alkyl and Cj^alkoxy), 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
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from halogen, Ci^alkyl and Ci^alkoxy) or -C02(Ci~C4alkyl), or together with R3 
forms a further benzene ring (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy). 

Compounds of Group C also include those (Group C3,5) wherein R2, R4 and R6 
are all H; R3 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Cj- 
C4alkyl-S(0) x - wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 
Ci-C4alkoxy) or -C02(Ci-C4alkyl); and R5 is Cj^alkyl (optionally substituted with 
from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 

halogen atoms) or halogen. 

For compounds of Formula (IA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, n is preferably 1 or 2, 
more preferably 1. 

For compounds of Formula (IA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, R7 is preferably H or 
methyl, more preferably H. 

For compounds of Formula (IA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, R8 is preferably H. 

For compounds of Formula (IA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, R9 is preferably H or 
fluoro, more preferably H. 

For compounds of Formula (IA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, RIO is preferably H or 
fluoro, more preferably H. 

For compounds of Formula (IA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, Rl is preferably a C2- 
Cjoalkyl group optionally substituted with from 1 to 7 halogen substituents and/or with 
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from 1 to 3 substituents each independently selected from hydroxy, cyano and Cj- 
C4alkoxy. 

For compounds of Formula OA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2A C2,5, C2,6, C3,4 and C3,5 described above, n is preferably 1, R7, R8, 
R9 and RIO are preferably H and Rl is preferably a C2-Cioalkyl group optionally 
substituted with from 1 to 7 halogen substituents and/or with from 1 to 3 substituents 
each independently selected from hydroxy, cyano and Cj-^alkoxy. 

5. A compound of formula (IB) 




10 

wherein Rx is H; Ry is H or C r C 4 alkyl; each Rz is independently H or C r C 4 alkyl; X 
represents O; Y represents OH or OR; R is C r C 4 alkyl; Ari is a phenyl ring or a 5- or 6- 
membered heteroaryl ring each of which may be substituted with 1, 2, 3, 4 or 5 
substituents (depending upon the number of available substitution positions) each 

1 5 independently selected from C1-C4 alkyl, 0(Ci~C4 alkyl), S(Ci-C4 alkyl), halo, 

hydroxy, pyridyl, thiophenyl and phenyl optionally substituted with 1, 2, 3, 4 or 5 . 
substituents each independently selected from halo, C1-C4 alkyl, or 0(Ci~C4 alkyl); and 
Ar2 is a phenyl ring or a 5- or 6-membered heteroaryl ring each of which may be 
substituted with 1, 2, 3, 4 or 5 substituents (depending upon the number of available 

2 0 substitution positions) each independendy selected from C1-C4 alkyl, 0(Ci-C4 alkyl) 

and halo; wherein each above-mentioned C1-C4 alkyl group is optionally substituted with 
one or more halo atoms; or a pharmaceutically acceptable salt thereof. 

Preferred compounds of formula (IB) above are those wherein Arj is phenyl, pyridyl, 

pyrimidyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, thiophenyl, furanyl, imidazolyl, 
2 5 triazolyl, oxadiazolyl or thiadiazolyl, each of which may be substituted with 1, 2, 3, 4 or 5 

substituents (depending upon the number of available substitution positions) each 
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independently selected from C1-C4 alkyl, 0(Ci-C 4 alkyl), S(Ci-C 4 alkyl), halo, hydroxy, 
pyridyl, thiophenyl and phenyl optionally substituted with 1, 2, 3, 4 or 5 substituents each 
independently selected from halo, Ci-C 4 alkyl, or 0(C!-C 4 alkyl); and Ar 2 is phenyl, 
pyridyl, pyrimidyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, thiophenyl, furanyl, 
imidazolyl or triazolyl each of which may be substituted with 1, 2, 3, 4 or 5 substituents 
(depending upon the number of available substitution positions) each independently selected 
from Ci-C 4 alkyl, 0(Ci-C 4 alkyl) and halo; wherein each above-mentioned Cj-C 4 alkyl 
group is optionally substituted with one or more halo atoms. 

For the compounds of formula (IB) above, it is preferred that An is a phenyl ring or a 
5- or 6-membered heteroaryl ring substituted with 1, 2, 3, 4 or 5 substituents, more preferably 
with 1 or 2 substituents. 

For the compounds of formula (IB) above, when Ar,is a substituted phenyl ring or 
a substituted 5- or 6-membered heteroaryl ring, it is preferred that not more than one of 
those substituents is a pyridyl, thiophenyl or optionally substituted phenyl group. 

Preferred compounds of formula (IB) above are those wherein Ari includes a 
substituent attached at the 2-position. That is, the substituent is attached to the atom adjacent 
to that which forms the point of attachment of An to the methylene group connecting An to 
the rest bf the molecule. For example, when An is phenyl, it is preferably ortho-substituted. 

Further preferred compounds of formula (IB) above are those wherein Rx is H; 
Ry is H or C,-C 4 alkyl; each Rz is independently H or C,-C 4 alkyl; X represents O; 
Y represents OH or OR; R is C,-C 4 alkyl; and Ari and Ar 2 are each independently 
selected from the group consisting of phenyl, and substituted phenyl; and 
pharmaceutically acceptable salts thereof. In this further preferred embodiment, the group 
Ar, may be substituted or unsubstituted phenyl. For example, Ar, may be unsubstituted 
phenyl or, preferably phenyl substituted with 1, 2, 3, 4 or 5 substituents, preferably with 1 
or 2, for example 1, substituent When ^substituted, the substituted phenyl group is 
preferably substituted at the 2- and 5- positions. When monosubstituted, the substituted 
phenyl group is preferably substituted in the 2- position. Suitable substituents include 
Ci-C 4 alkyl, 0(Cj-C 4 alkyl), S(Cx-C 4 alkyl), halo, and phenyl, optionally substituted 
with, for example, halo, Ci~C 4 alkyl, or 0(C!-C 4 alkyl). In this further preferred 
embodiment, the group Ar 2 may be substituted or unsubstituted phenyl. For example, Ar 2 
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may be phenyl substituted with 1, 2, 3, 4 or 5 substituents, preferably with 1 substituent. 
Suitable substituents include C1-C4 alkyl, 0(Ci~C4 alkyl), and especially, halo. 

"C1-C4 alkyl" as used in respect of compounds of formula (IB) includes straight 
and branched chain alkyl groups of 1, 2, 3 or 4 carbon atoms, and may be unsubstituted or 
5 substituted. C1-C2 alkyl groups are preferred. Suitable substituents include halo, 

especially CI and/or F. Thus the term "C1-C4 alkyl" includes haloalkyl. A particularly 
preferred substituted C1-C4 alkyl group is trifluoromethyl. Similar terms defining 
different numbers of C atoms (e.g. "C1-C3 alkyl") take an analogous meaning. When Ry 
is C1-C4 alkyl it is preferably unsubstituted. When Rz is C1-C4 alkyl it is preferably 
1 0 unsubstituted. When R is C 1-C4 alkyl it is preferably unsubstituted. 

"5-membered heteroaryl ring" as used in respect Qf compounds of formula (IB) 
means a 5-membered aromatic ring including at least one heteroatom independently 
selected from N, O and S. Preferably there are not more than three heteroatoms in total in 
the ring. More preferably there are not more than two heteroatoms in total in the ring. 
1 5 More preferably there is not more than one heteroatom in total in the ring. The term 

includes, for example, the groups thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, thiophenyl, 
furanyl, pyrrolyl, imidazolyl, triazolyl, oxadiazolyl and thiadiazolyl. 

"6-membered heteroaryl ring" as used in respect of compounds of formula (IB) 
means a 6-membered aromatic ring including at least one heteroatom independently 

2 0 selected from N, O and S. Preferably there are not more than three heteroatoms in total in 

the ring. More preferably there are not more than two heteroatoms in total in the ring. 
More preferably there is not more than one heteroatom in total in the ring. The term 
includes, for example, the groups pyridyl, pyrimidyl, pyrazinyl, pyridazinyl and triazinyl. 

"Halo" as used in respect of compounds of formula (IB) includes F, CI, Br and I, and 
25 is preferably F or CI. 

"Pyridyl" as used in respect of compounds of formula (IB) includes 2-pyridyl, 3- 
pyridyl and 4-pyridyl. 

"Pyrimidyl" as used in respect of compounds of formula (IB) includes 2-pyrimidyl, 
4-pyrimidyl and 5-pyrimidyl. 

3 0 "Pyridazinyl" as used in respect of compounds of formula (IB) includes 3 -pyridazinyl 

and 4-pyridazinyl. 
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"Pyrazinyl" as used in respect of compounds of formula (IB) includes 2-pyrazinyl and 

3- pyrazinyL 

"Triazinyr as used in respect of compounds of formula (IB) includes 2-(l,3,5- 
triazinyl), 3-, 5- and 6-(l,2,4-triazinyl) and 4- and 5-(l>2,3-triazinyl). 

"Thiazolyl" as used in respect of compounds of formula (IB) includes 2-thiazolyl, 4- 
thiazolyl and 5-thiazolyl. 

"Isothiazolyl" as used in respect of compounds of formula (IB) includes 3- 
isothiazolyl, 4-isothiazolyl, and 5-isothiazolyl. 

"Oxazolyl" as used in respect of compounds of formula (IB) includes 2-oxazolyl, 4- 
oxazolyl and 5-oxazolyl. 

"Isoxazolyl" as used in respect of compounds of formula (IB) includes 3-isoxazoIyl, 

4- isoxazolyl, and 5-isoxazolyl. 

"Thiophenyl" as used in respect of compounds of formula (IB) includes 2-thiophenyl 
and 3-thiophenyL 

"Furanyl" as used in respect of compounds of formula (IB) includes 2-furanyl and 3- 
furanyl. 

"Pyrrolyl" as used in respect of compounds of formula (IB) includes 2-pyrrolyl and 3- 
pyrrolyl. 

"Imidazolyl" as used in respect of compounds of formula (IB) includes 2-imidazolyl 
and 4-imidazolyl. 

"Triazolyl" as used in respect of compounds of formula (IB) includes 1-triazolyl, 4- 
triazolyl and 5-triazolyl. 

"Oxadiazolyl" as used in respect of compounds of formula (IB) includes 4- and 5- 
(1,2,3-oxadiazolyl), 3- and 5-(l,2,4-oxadiazolyl), 3-(l,2,5-oxadiazolyl), 2-(l,3,4- 
oxadiazolyl). 

'Thiadiazolyl" as used in respect of compounds of formula (IB) includes 4- and 5- 
(1,2,3-thiadiazolyl), 3- and 5-(l,2,4-thiadiazolyl), 3-(l,2,5-thiadiazolyl), 2-(l,3,4- 
thiadiazolyl). 

For the compounds of formula (IB) above, Ry is preferably H or Me. More preferably 
RyisH. 

For the compounds of formula (IB) above, each Rz is preferably H or Me with 0, 1, 2 
or 3 of Rz being Me. More preferably only 1 Rz is Me. Most preferably all Rz are H. 
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For the compounds of formula (IB) above, Y is preferably OH or OMe. More 
preferably, Y is OH. 

For the compounds of formula (IB) above, it is preferred that Ry and all Rz are H and 
Y is OH. 

For the compounds of formula (IB) above, the preferred stereochemistry is shown 



below: 



Ar, 

Rz w ?y\ v 



Rz — Y 




Rz 



Ar 2 



RZ Rx Rz 

A preferred group of compounds of formula (IB) is represented by the formula 

(HB) 




(HB) 

wherein R4 and R2 are each independently selected from H, C1-C4 alkyl, 0(Ci-C4 
alkyl), S(Ci-C4 alkyl), halo and phenyl; and R 3 is selected from H, C1-C4 alkyl and 
halo; and pharmaceutically acceptable salts thereof. 

For the compounds of formula (IB) or (DB) above, Ri is preferably C1-C3 alkyl 
(especially trifluoromethyl), 0(C!-C 3 alkyl) (especially methoxy or trifluoromethoxy), F 
or phenyl (Ph). R2 is preferably H. R2 is also preferably F. R3 is preferably H. 

Especially preferred compounds of formula (IB) are 1 -morpholin-2-yl- 1 -phenyl-2- 
(2-trMuoromemoxy-phenyl)-emanol and 2-(5-fl^^ 

yl-l-phenyl-ethanol. For both of these compounds the (S ,R) stereoisomer is preferred. For 
both of these compounds the preferred salt form is the hydrochloride salt 
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6. A compound of formula (IC) 



A 



Ar 




X 



Ri R R 1 

wherein: A is S or O; R is H; Ar is a phenyl group optionally substituted with 1, 2, 3, 4 or 



5 substituents each independently selected from C1-C4 alkyl, 0(Ci~C4 alkyl), S(Ci~C4 
alkyl), halo, hydroxy, C0 2 (Ci-C4 alkyl), pyridyl, thiophenyl and phenyl optionally 
substituted with 1, 2, 3, 4 or 5 substituents each independently selected from halo, C1-C4 
alkyl, or 0(Cj-C4 alkyl); X is a phenyl group optionally substituted with 1, 2, 3, 4 or 5 
substituents each independently selected from halo, C4-C4 alkyl, or CKC1-C4 alkyl); a 
C1-C4 alkyl group; a C3-C6 cycloalkyl group or a CH^Cs-Q, cycloalkyl) group; R' is H 
or C1-C4 alkyl; each R 1 is independently H or C4-C4 alkyl; wherein each above- 
mentioned C1-C4 alkyl group is optionally substituted with one or more halo atoms; or a 
pharmaceutically acceptable salt thereof; with the proviso that, when A is O, X is a C\- 
C4 alkyl group, a C3-C6 cycloalkyl group or a CH 2 (C3-C(j cycloalkyl) group. 

For the compounds of formula (IC) above, it is preferred that A is S. 

For the compounds of formula (IC) above, it is preferred that Axis phenyl 
substituted with 1, 2, 3, 4 or 5 substituents, more preferably with 1 or 2 substituents. 
When Aris a substituted phenyl, it is preferred that not more than one of those 
substituents is a pyridyl, thiophenyl or optionally substituted phenyl group. 

Preferred compounds of formula (IC) above are those wherein Ar is ortho-substituted. 

Further preferred compounds of formula (IC) above are those of formula (ICa) 
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(ICa) 

wherein: R is H; Ar is a phenyl group; X is a phenyl group; R' is H or C1-C4 alkyl; each 
R 1 is independently H or C1-C4 alkyl; and pharmaceutical^ acceptable salts thereof. For 
5 these further preferred compounds, the group Ar may be substituted or unsubstituted 

phenyl. For example, Ar may be unsubstituted phenyl or, preferably phenyl substituted 
with 1, 2, 3, 4 or 5 substituents, preferably with 1 or 2, for example 1, substituent. When 
disubstituted, the substituted phenyl group is preferably substituted at the 2- and 5- 
positions When monosubstituted, the substituted phenyl group is preferably substituted in 
10 the 2- position. Suitable substituents include C1-C4 alkyl, CXC1-C4 alkyl), S(Ci-C4 

alkyl), halo, and phenyl optionally substituted with, for example, halo, C1-C4 alkyl, or 
(XC1-C4 alkyl). For these further preferred compounds, the group X may be substituted 
or unsubstituted phenyl. For example,.X may be phenyl substituted with 1, 2, 3, 4 or 5 
substituents, preferably with 1 substituent. Suitable substituents include C1-C4 alkyl, 

15 0(Ci-C4 alkyl), and halo. 

"C1-C4 alkyl" as used in respect of compounds of formula (IC) includes straight 
and branched chain alkyl groups of 1, 2, 3 or 4 carbon atoms, and may be unsubstituted or 
substituted. C1-C2 alkyl groups are preferred. Suitable substituents include halo. Thus 
the term "C1-C4 alkyl" includes haloalkyl. Similar terms defining different numbers of C 
20 atoms (e.g. "C1-C3 alkyl") take an analogous meaning. When R' is C1-C4 alkyl it is 

preferably unsubstituted. When R 1 is C1-C4 alkyl it is preferably unsubstituted. 

"C3-C6 cycloalkyl" as used in respect of compounds of formula (IC) includes 

cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 

"Halo" as used in respect of compounds of formula (IC) includes F, CI, Br and I, 
2 5 and is preferably F or CI. 
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"Pyridyl" as used in respect of compounds of formula (IC) includes 2-pyridyl, 3- 
pyridyl and 4-pyridyl. 

"Thiophenyl" as used in respect of compounds of formula (IC) includes 2-thiophenyl 
and 3 -thiophenyl. 

For the compounds of formula (IC) above, R ' is preferably H or Me. More preferably 
R'isH. 

For the compounds of formula (IC) above, each R 1 is preferably H or Me with 0, 1, 2 
or 3 of R 1 being Me. More preferably only 1 R 1 is Me. Most preferably all R 1 are H. 

For the compounds of formula (IC) above, it is preferred that R' and all R 1 are H. 

A particularly preferred substituted C1-C4 alkyl group for the group Ar is 
trifluoromethyl. 

A preferred group of compounds of formula (IC) is represented by the formula 

(HC); 




H 

(HQ 



wherein R2 and R3 are each independently selected from H, C1-C4 alkyl, 0(Cj-C4 
alkyl), S(Ci-C4 alkyl), halo and phenyl; and R4 is selected from H and C1-C4 alkyl; and 
pharmaceuticaUy acceptable salts thereof. R2 is preferably C1-C3 alkyl (especially 
trifluoromethyl), CKC1-C3 alkyl) (especially methoxy or trifluoromethoxy), F or Ph. R3 
is preferably H. R3 is also preferably F. R4 is preferably H. 
7. A compound of formula (ID) 
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X\L^ (CH 2 ) n ^ ^ CH ; 



'3 




H 



N 
I 

Ar 



(ID) 



wherein -X- is -C(R 4 R 5 )-, -O- or -S-; n is 2 or 3; R 1 is H or C r C 4 alkyl; R 3 is H, halo, C r 
C 4 alkyl, 0(C r C 4 alkyl), nitrile, phenyl or substituted phenyl; R 4 and R 5 axe each 
independently selected from H or C r C 4 alkyl; Ar- is selected from the group consisting of 



in which R 2 * is H, halo, methyl or ethyl; R 2b is H, halo or methyl; R 20 is H, halo, methyl, 
trifluoromethyl, nitrile, or methoxy; R 2 " is H, halo, methyl or ethyl; R 20 is H, halo, methyl, 
trifluoromethyl, nitrile, or methoxy; R* is H, or fluoro; -Y- is -O, -S- or -NCR 6 )-; and R 6 
is H or methyl and pharmaceutical^ acceptable salts thereof. 

The term "C1-C4 alkyl" as used in respect of compounds of formula (ID) includes 
straight and branched chain alkyl groups of 1, 2, 3 or 4 carbon atoms. Thus the term "Ci- 
C4 alkyl" includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and 
tert-butyl. Cj-C2 alkyl groups are preferred. A particularly preferred C1-C4 alkyl group 
is methyl or ethyl. 

The term "halo" as used in respect of compounds of formula (ID) includes F, CI, 
Br and I,. and is preferably F or CI. 

The term "substituted phenyl" as used in respect of compounds of formula (ID) 
means phenyl substituted with 1, 2, 3, 4 or 5 substituents, preferably with 1 or 2, for 
example 1, substituent Suitable substituents include C1-C4 alkyl, CKC1-C4 alkyl), 
S(Ci-C4 alkyl), halo, and phenyl optionally substituted with, for example, C1-C4 alkyl, 
CKC1-C4 alkyl), S(Ci-C4 alkyl), or halo. 

The terms "CKC1-C4 alkyl)" or "S(Ci-C4 alkyl)" as used in respect of compounds of 
formula (ID) mean a C1-C4 alkyl group as defined above linked to the point of substitution 




WO 2005/060949 



PCT/US2004/038221 



-30- 



via an oxygen or a sulphur atom. An 0(Ci-C4 alkyl) or S(Ci-C4 alkyl) group includes for 

example methoxy, ethoxy, thiomethyl or thioethyl. 

Preferred compounds of formula (ID) are represented by the formula (IDa) 



y 

H 



,CH, 



Ar 



(IDa) 

wherein -X-, n, R\ R 3 and Arhave the values as defined for formula (ID) above. 

Compounds of formula (ID) or (IDa) wherein -X- is -C(R 4 R 3 )- are preferred. 
Even more preferred are compounds of formula (ID) or (IDa) wherein -X- is -CCR'R 3 )- 
and R 4 and R s are both H or R 4 and R s are both the same C,-C 4 alkyl. 

Compounds of formula (ID) or (IDa) wherein Ar is (i) are also preferred. 
Preferably Ar is (i) and R* is H. Even more preferred are compounds of formula (ID) or 
(TDa) wherein Ar is (i), R 20 is H, and (a) R 2 " is H or methyl, R 2 " is H and R* is H or (b) R* 
is H, R 2 * is halo, preferably fluoro or chloro and R* is H or fluoro. 

Another group of preferred compounds of formula (ID) or (IDa) are compounds 
wherein Ar is (ii) and -Y- is -S-. More preferably Ar is 2-thiophenyl or 3-thiophenyl. 

A further preferred group of compounds of formula (ID) is represented by the 
formula (ED) 



( CH 2)n^ N >CH 3 





(HD) 

wherein n is 2 or 3; R'is H or C r C 4 alkyl; R 3 is H, halo, phenyl or substituted phenyl; R 2 " 
is H, halo, methyl or ethyl; R 2b is H, halo or methyl; and pharmaceutically acceptable salts 
thereof. 
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Preferred compounds of formulae (ID), (IDa) and (TED) are those wherein n is 3, or 
wherein R 1 is H, methyl, ethyl or n-propyl, or wherein R 3 is H or halo. 
8. A compound of formula (IE) 




(IE) 

wherein R 1 is C r C 6 alkyl (optionally substituted with 1, 2 or 3 halo substituents and/or 
with 1 substituent selected from -S-(C r C 3 alkyl), -0-(C r C 3 alkyl) (optionally substituted 
with 1, 2 or 3 F atoms), -0-(C 3 -C 6 cycloalkyl), -S0 2 -(C r C 3 alkyl), -CN, -COO-(C r C 2 
alkyl) and -OH); C 2 -C 6 alkenyl; -(CH^^Ai^ or a group of formula (i) or (ii) 

(ci'RVx (CR'^Y 



(i) (ii) 
R 2 , R 3 and R 4 are each independently selected from hydrogen or Ci-C 2 alkyl; R 5 , R 6 , R 7 
and R 8 are at each occurrence independently selected from hydrogen or Ci-C 2 alkyl; -X- 
is a bond, -CH 2 -, -CH=CH-, -O-, -S-, or -SO a -; -Y- is a bond, -CH 2 - or -O-; ~Z is 

15 hydrogen, -OH or -0-(Ci-C 3 alkyl); p is 0, 1 or 2; q is 0, 1 or 2; r is 0 or 1; s is 0, 1, 2 or 

3; t is 0, 1, 2 or 3; Ari is phenyl, pyridyl, thiazolyl, benzothiophenyl or naphthyl; herein 
said phenyl, pyridyl or thiazolyl group may be substituted with 1, 2 or 3 substituents each 
independently selected from halo, cyano, C1-C4 alkyl (optionally substituted with 1, 2 or 3 
F atoms), -0-(Ci-C 4 alkyl) (optionally substituted with 1, 2 or 3 F atoms) and -S-(Ci-C 4 

2 0 alkyl) (optionally substituted with 1, 2 or 3 F atoms) and/or with 1 substituent selected 

from pyridyl, pyrazole, phenyl (optionally substituted with 1, 2 or 3 halo substituents) and 
phenoxy (optionally substituted with 1, 2 or 3 halo substituents); and wherein said 
benzothiophenyl or naphthyl group may be optionally substituted with 1, 2 or 3 
substituents each independently selected from halo, cyano, C1-C4 alkyl (optionally 

2 5 substituted with 1, 2 or 3 F atoms), -0-(Ci-C 4 alkyl) (optionally substituted with 1, 2 or 3 

F atoms), and -S-(C r C 4 alkyl) (optionally substituted with 1, 2 or 3 F atoms); Ar 2 is 



WO 2005/060949 



PCT/US2004/038221 



-32- 

naphthyl, pyridyl, thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl, wherein said 
naphthyl, pyridyl, thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl maybe 
substituted with 1, 2 or 3 substituents each independently selected from halo, C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 F atoms) and -0(Ci-C 4 alkyl) (optionally 
5 substituted with 1, 2 or 3 F atoms); and pharmaceutical^ acceptable salts thereof; 

provided that (a) the cyclic portion of the group of formula (i) must contain at least three 
carbon atoms and not more than seven ring atoms; (b) when -X- is -CH=CH-, then the 
cyclic portion of the group of formula (i) must contain at least five carbon atoms; and (c) 
when -Z is -OH or -0-(Ci-C 3 alkyl), then -X- is -CH 2 -; (d) when -Y- is -O- then p 
1 0 cannot be 0; and (e) the compound 3-[(phenylmethyl)-(3 S)-3-pyrrolidinyIamino]- 

propanenitrile is excluded. 

With respect to formula (BE) the term "C1-C6 alkyl" means a monovalent 

unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 6 carbon atoms. 

1 5 With respect to formula (IE) the term "C2-Cg alkenyr means a monovalent 

unsubstituted unsaturated straight-chain or branched-chain hydrocarbon radical having 
from 2 to 6 carbon atoms and containing at least one carbon-carbon double bond. 

With respect to formula (IE) the term "C3-C6 cycloalkyl" means a monovalent 
unsubstituted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms. 

2 0 With respect to formula (EE) the term "Ci-Cg alkylene" means a divalent 

unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 6 carbon atoms. 

With respect to formula (DE) the term "halo" or "halogen" means F, CI, Br or L 
With respect to formula (IE) the term "C1-C4 difluoroalkyl" means a monovalent 
2 5 unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 

1 to 4 carbon atoms wherein two hydrogen atoms are substituted with two fluoro atoms. 
Preferably the two fluoro atoms are attached to the same carbon atom. 

With respect to formula (IE) the term "C1-C4 trifluoroalkyl" means a monovalent 
unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
30 1 to 4 carbon, atoms wherein three hydrogen atoms are substituted with three fluoro 

atoms. Preferably the three fluoro atoms are attached to the same carbon atom. 
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With respect to formula (IE) the term "phenoxy" means a monovalent 
unsubstituted phenyl radical linked to the point of substitution by an O atom. 

With respect to formula (IE) the term "pyridyl" includes 2-pyridyl, 3-pyridyl and 
4-pyridyl. 

5 With respect to formula (IE) the term "furyl" includes 2-furyl and 3-fiiryl. 2-furyl is 

preferred. 

With respect to formula (IE) the term "thiophenyl" includes 2-thiophenyl and 3- 
thiophenyl. 

With respect to formula (IE) the term "thiazolyl" includes 2-thiazolyl, 4-thiazolyl 
10 and 5-thiazolyl. 

With respect to formula (IE) the term "pyrazole" includes 1 -pyrazole, 3-pyrazole 
and 4-pyrazole. 1-pyrazole is preferred. 

With respect to formula (IE) the term "benzothiophenyl" includes 2- 
benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[b]thiophenyl, 
15 6-benzo[b]thiophenyl and 7-benzo[b]thiophenyl. 

With respect to formula (IE) the term "naphthyl" includes 1 -naphthyl, and 2- 
naphthyl. 1 -naphthyl is preferred. 

With respect to formula (IE), similar terms specifying different numbers of C 
atoms take an analogous meaning. For example the terms "CJ-C4 alkyl" and "C1-C3 

2 0 alkyl" mean a monovalent unsubstituted saturated straight-chain or branched-chain 

hydrocarbon radical having from 1 to 4 and 1 to 3 carbon atoms respectively. The term 
"C1-C4 alkyl" includes methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, 
and tert-butyl. The term "C1-C3 alkyl" includes methyl, ethyl, n-propyl and iso-propyl. 

With respect to formula (IE) it will be appreciated that when s is 2 or 3, then each 
25 R 5 and/or each R 6 can be different. In the same way when t is 2 or 3, then each R 7 and/or . 

each R 8 can be different 

Preferred compounds of formula (IE) are those wherein R l is C r C 6 alkyl, C 2 -C 6 
alkenyl, -(CH^-CF^ -(CH a ) 11 -SKC 1 -C s alkyl), -CH.-COCMCVC, alkyl), -(C r C 5 alkylene)- 
0-(C r C 3 alkyl), -(C r C 5 alkylene)-0-(C 3 -C 6 cycloalkyl), -(C r C 5 alkylene)-S0 2 -(C r C 3 

3 0 alkyl), -(C r C 5 alkylene)-OCF 3 , -(C.-C, alkylene)-OH, -(C r C 5 alkylene)-CN, -(CHy^Ar, 

or a group of formula (ia), (ib) or (ii) 



! 
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(ia) (ib) (ii) 

R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , -X-, -Y-, p, q, r and s have the values defined above; m is 1, 2 
or 3; n is 1, 2 or 3; t is 2, 3 or 4; -Ari is phenyl, pyridyl, thiazolyl or naphthyl; wherein 
5 said phenyl, pyridyl or thiazolyl group may be substituted with 1, 2 or 3 substituents each 

independently selected from halo, trifluoromethyl, cyano, C1-C4 alkyl, -0-(Ci-C4 alkyl), - 
0-(Ci-C 4 difluoroalkyl), -0-(Ci~C 4 trifluoroalkyl), -S-(C r C 4 alkyl), -S-(Ci-C 2 
trifluoroalkyl) and/or with 1 substituent selected from pyridyl, pyrazole, phenyl 
(optionally substituted with 1, 2 or 3 halo substituents) and phenoxy (optionally 
1 0 substituted with 1, 2 or 3 halo substituents); and wherein said naphthyl group may be 

optionally substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl, cyano, Ci-C 4 alkyl, -0-(Ci-C 4 alkyl), -0-(Ci-C 4 difluoroalkyl), -0-(Ci-C 4 
trifluoroalkyl), -S-(Ci-C 4 alkyl), -S-(Ci-C 2 trifluoroalkyl); Ar 2 is naphthyl, pyridyl, 
thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl, wherein said naphthyl, pyridyl, 
15 thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl may be substituted with 1, 2 or 3 

substituents each independently selected from halo, Ci-C 4 alkyl, trifluoromethyl and -O- 
(Ci-C 4 alkyl); and pharmaceutical^ acceptable salts thereof. 

Preferred compounds of formula (IE) are those wherein R 2 is hydrogen. In another 
preferred embodiment R 3 and R 4 are hydrogen. More preferably R 2 , R 3 and R 4 are 
2 0 hydrogen. 

Preferred compounds of formula (IE) are those wherein each R 5 and R 6 is 
hydrogen. In another preferred embodiment each R 7 and R 8 is hydrogen. More preferably 
R 5 , R 6 , R 7 and R 8 are hydrogen. 

Preferred compounds of formula (IE) are those wherein R 1 is C r C 6 alkyl. More 
2 5 preferably R 1 is n-propyl, 1-methylethyl, 2-methylpropyl, 3,3-dimethylpropyl. 

Preferred compounds of formula (IE) are those wherein R l is -(C 4 ~C 5 alkylene)- 
OH. More preferably R 1 is 2,2-dimethyl-2-hydroxyethyl or 3,3-dimethyl-3- 
hydroxypropyl. 
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Pref erred compounds of formula (IE) are those wherein R 1 is a group of formula 

(i) and each R 5 and R 6 is hydrogen. More preferably each R 5 , R 6 , R 7 and R 8 is hydrogen. 

Preferred compounds of formula (IE) are those wherein R 1 is a group of formula 

(ii) and each R 5 and R 6 is hydrogen. More preferably each R 5 , R 6 , R 7 and R 8 is hydrogen. 
5 Preferred compounds of formula (IE) are those wherein R 1 is a group of formula 

(i), r is 0, s is 2, t is 2, -Z is hydrogen and -X- is -O-, -S- or -S0 2 -. More preferably R 1 is 
a group of formula (i), r is 0, s is 2, t is 1 or 2, -Z is hydrogen and -X- is -O-. 

Preferred compounds of formula (EE) are those wherein R 1 is a group of formula 
(i), r is 0, s is 1, 2 or 3, t is 1, -Z is hydrogen and -X- is -CH^. 
10 Preferred compounds of formula (IE) are those wherein R 1 is a group of formula 

(i), r is 1, s is 0, 1, 2 or 3, t is 1, -Z is hydrogen and -X- is -CH^-. 

Preferred compounds of formula (IE) are those wherein R 1 is a group of the 
formula (ia). More preferably R 1 is a group of the formula (ia) and each R 5 , R 6 , R 7 and R 8 
is hydrogen. 

15 Preferred compounds of formula (IE) are those wherein R 1 is a group of the 

formula (ib). More preferably R 1 is a group of the formula (ib), r is 1, t is 3, and each 
R 7 and R 8 is hydrogen. 

Preferred compounds of formula (IE) are those wherein R 1 is -(CH 2 ) m -CF 3 . More 
preferably R l is -(CH 2 ) m -CF 3 and m is 1, 2, or 3. 
2 0 Preferred compounds of formula (IE) are those wherein R 1 is -(CH^-S^C,^ 

alkyl). More preferably R l is -(CH^-S-CH^ 

Preferred compounds of formula (IE) are those wherein R 1 is -ClL r COO-(C r C 2 
alkyl). More preferably R 1 is -CH^-COOCI^. 

Preferred compounds of formula (IE) are those wherein R 1 is -(C1-C5 alkylene)-0- 

2 5 (C1-C3 alkyl). More preferably R 1 is -(C3-C4 alkylene)-OCH 3 . 

Preferred compounds of formula (IE) are those wherein R 1 is -(C1-C5 alkylene)-0- 
(C 3 -C 6 cycloalkyl). More preferably R 1 is -CH 2 -CH 2 -0-cyclobutyl. 

Preferred compounds of formula (IE) are those wherein R 1 is -(C1-C5 alkylene)-S02- 
(C1-C3 alkyl). 

3 0 Preferred compounds of formula (IE) are those wherein R 1 is -(C1-C5 alkylene)-OCF 3 . 

More preferably R 1 is -CH 2 -CH 2 -OCF 3 . 
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Preferred compounds of formula (IE) are those wherein R 1 is -(CrCs alkylene)-CN. 
More preferably R 1 is -(C 2 -C 4 alkylene)-CN. Most preferably -CH 2 -CH 2 -CN or 
-CH 2 -C(CH 3 )2-CK 

Preferred compounds of formula (IE) are those wherein R 1 is -(CH 2 ) q -Ar 2 , and q is 1. 
More preferably R 1 is -(CH 2 ) q -Ar 2 , q is 1 and -Ar 2 is pyridyl, phenyl or phenyl substituted 
with 1, 2 or 3 substituents each independently selected from halo, trifluoromethyl or C1-C4 
alkyl. 

Preferred compounds of formula (IE) are those wherein -Ari is phenyl; phenyl 
substituted with 1, 2 or 3 substituents each independently selected from halo, trifluoromethyl 
and C1-C4 alkyl and/or with 1 substituent selected from phenyl, phenyl substituted with 1, 2 
or 3 halo substituents, pyridyl, pyrazole, phenoxy and phenoxy substituted with 1, 2 or 3 halo 
substituents; pyridyl; or pyridyl substituted with 1, 2 or 3 substituents each independently 
selected from halo, trifluoromethyl and C1-C4 alkyl and/or with 1 substituent selected from 
phenyl and phenyl substituted with 1, 2 or 3 halo substituents. More preferably -Ari is phenyl 
or phenyl substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl and C1-C4 alkyl and/or with 1 substituent selected from phenyl, phenyl 
substituted with 1, 2 or 3 halo substituents, pyridyl, pyrazole, phenoxy and phenoxy 
substituted with 1, 2 or 3 halo substituents. Most preferably -Ari is phenyl substituted with l 
or 2 substituents each independently selected from halo, trifluoromethyl and C1-C4 alkyl 
and/or with 1 substituent selected from phenyl, phenyl substituted with 1, 2 or 3 halo 
substituents, pyridyl, pyrazole, phenoxy and phenoxy substituted with 1, 2 or 3 halo 
substituents. Suitable -Ari groups include, for example, 2-methylthiophenyl, 2-methylphenyl, 
2-fluorophenyl, 2-chlorophenyl, 2-isopropoxyphenyl, 2-trifluoromethylphenyl, 2- 
difluoromethoxyphenyl, 2-methoxyphenyl, 2-ethoxyphenyl, 2-(l,F-biphenyl), 2- 
phenoxyphenyl, 2-benzylphenyl, 3-trifluoromethoxyphenyl, 3-chlorophenyl, 3- 
trifluoromethylphenyl, 3-methylphenyl, 3-trifluorothiomethoxyphenyl, 3-methoxyphenyl, 4- 
trifluoromethylphenyl, 4-chlorophenyl, 4-fluorophenyl, 3,5-dichlorophenyl, 3,5- 
dimethylphenyl, 3-trifluorometiiyl-5-fluorophenyl, 3,5-difluorophenyl, 2,3-dichlorophenyl, 
2,3-dimethylphenyl, 2-chloro-3-trifluoromethylphenyl, 2-chloro-3-methylphenyl, 2-methyl-3- 
chlorophenyl, 2,4-dichlorophenyl, 2,4-dimethyl, 2,4-difluorophenyl, 2-chloro-4-fluorophenyl, 
2-trifluoromethyl-4-fluorophenyl, 2-fluoro-4-1xifluoromethylphenyL, 2-methyl-4- 
chlorophenyl, 2-methoxy-4-fluorophenyl, 2-trifluoromethyl-5-fluorophenyl, 2,5- 
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dimethylphenyl, 4-fluoro-[l,l'-biphenyl]-2-yl, 2-cMoro-5-fluorophenyl, 2-(trifluoromethyl> 
6-fluorophenyl, 2-cMoro-6-fluorophenyl, 3,4-dichlorophenyl, and 3-chloro-4-fluorophenyL In 
general when -Ari is phenyl substituted with pyridyl, 3-pyridyl is preferred 

Preferred compounds of fonnula (IE) are those wherein -Ar, is pyridyl or pyridyl 
substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl and C,-C 4 alkyl and/or with 1 substituent selected from phenyl and phenyl 
substituted with 1, 2 or 3 halo substituents. More preferably -Ar, is pyridyl substituted 
with 1 or 2 substituents each independently selected from halo, trifluoromethyl and C,-C 4 
alkyl and/or with 1 substituent selected from phenyl and phenyl substituted with 1, 2 or 3 
halo substituents. Suitable -Ar, groups include, for example, 3-phenyl-2-pyridyl. In 
general when -Ar, is a substituted pyridyl, substituted 2-pyridyl is preferred. 
9. A compound of fonnula (IF) 



wherein 




(a) (b) 
R 1 is C,-C 6 alkyl (optionally substituted with 1, 2 or 3 halo substituents and/or with 1 
substituent selected from -S-(C,-C 3 alkyl), -0-(C,-C 3 alkyl) (optionally substituted with 1, 
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2 or 3 F atoms), -0-(C 3 -C 6 cycloalkyl), -S0 2 -(C r C 3 alkyl), -CN, -COO-(C r C 2 alkyl) and 
-OH); C 2 -C 6 alkenyl; -(CH^-Ar,; or a group of formula (i) or (ii) 

(i) (ii) 

2 3 4 

R , R and R are each independently selected from hydrogen or Ci-C 2 alkyl; R 5 , R 6 , R 7 
and R 8 are at each occurrence independently selected from hydrogen or Ci-C 2 alkyl; -X- 
is a bond, -CH 2 -, -CH=CH-, -O-, -S-, or -S0 2 -; -Y- is a bond, -CH 2 - or -O-; -Z is 
hydrogen, -OH or -O-CQ-Ca alkyl); p is 0, 1 or 2; q is 0, 1 or 2; r is 0 or 1; s is 0, 1, 2 or 
3; t is 0, 1, 2 or 3; Ari is phenyl, pyridyl, thiazolyl, benzothiophenyl or naphthyl; wherein 
said phenyl, pyridyl or thiazolyl group may be substituted with 1, 2 or 3 substituents each 
independently selected from halo, cyano, Ci-C 4 alkyl (optionally substituted with 1, 2 or 3 
F atoms), -0-(C r C 4 alkyl) (optionally substituted with 1, 2 or 3 F atoms) and -S-(Ci-C 4 
alkyl) (optionally substituted with 1, 2 or 3 F atoms) and/or with 1 substituent selected 
from pyridyl, pyrazole, phenyl (optionally substituted with 1, 2 or 3 halo substituents), 
benzyl and phenoxy (optionally substituted with 1, 2 or 3 halo substituents); and wherein 
said benzothiophenyl or naphthyl group may be optionally substituted with 1, 2 or 3 
substituents each independently selected from halo, cyano, C1-C4 alkyl (optionally 
substituted with 1, 2 or 3 F atoms), -0-(d-C 4 alkyl) (optionally substituted with 1, 2 or 3 
F atoms), and -S-(Ci-C 4 alkyl) (optionally substituted with 1, 2 or 3 F atoms); Ar 2 is 
naphthyl, pyridyl, thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl, wherein said 
naphthyl, pyridyl, thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl may be 
substituted with 1, 2 or 3 substituents each independently selected from halo, Ci-C 4 alkyl 
(optionally substituted with 1, 2 or 3 F atoms) and -0-(Ci-C 4 alkyl) (optionally 
substituted with 1, 2 or 3 F atoms); or a pharmaceutically acceptable salt thereof; 
provided that (a) the cyclic portion of the group of formula (i) must contain at least three 
carbon atoms and not more than seven ring atoms; (b) when -X- is -CH=CH-, then the 
cyclic portion of the group of formula (i) must contain at least five carbon atoms; and (c) 
when -Z is -OH or -0-(Ci-C 3 alkyl), then -X- is -CH 2 -; and (d) when -Y- is -O- then p 
cannot be 0. 
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With respect to formula (IF) the term "Ci-Cg alkyl" means a monovalent 

unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 6 carbon atoms. 

With respect to formula (IF) the term "C2-C6 alkenyl" means a monovalent 
5 unsubstituted unsaturated straight-chain or branched-chain hydrocarbon radical having 

from 2 to 6 carbon atoms and containing at least one carbon-carbon double bond. 

With respect to fonnula (IF) the term "C3-C6 cycloalkyl" means a monovalent 
unsubstituted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms. 

With respect to formula (IF) the term "Ci-Cg alkylene" means a divalent , 

1 0 unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 

1 to 6 carbon atoms. 

With respect to formula (IF) the term "halo" or "halogen" means F, CI, Br or L 
With respect to formula (IF) the term "C1-C4 difluoroalkyl" means a monovalent 

unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
15 1 to 4 carbon atoms wherein two hydrogen atoms are substituted with two fluoro atoms. 

Preferably the two fluoro atoms are attached to the same carbon atom. 

With respect to fonnula (IF) the term "C1-C4 trifluoroalkyl" means a monovalent 

unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 

1 to 4 carbon atoms wherein three hydrogen atoms are substituted with three fluoro 

2 0 atoms. Preferably the three fluoro atoms are attached to the same carbon atom. 

With respect to formula (IF) the term "phenoxy" means a monovalent ' 
unsubstituted phenyl radical linked to the point of substitution by an O atom. 

With respect to fonnula (IF) the term "pyridyl" includes 2-pyridyl 5 3-pyridyl and 
4-pyridyl. 

25 With respect to formula (IF) the term "furyl" includes 2-furyl and 3-furyl. 2-furyl 

is preferred. 

With respect to formula (IF) the term '*thiophenyl" includes 2-thiophenyl and 3- 
thiophenyl. 

With respect to formula (IF) the term "thiazolyl" includes 2-thiazolyl, 4-thiazolyl 

3 0 and 5-thiazolyl. 

With respect to formula (IF) the term "pyrazole" includes 1-pyrazole, 3-pyrazole 
and 4-pyrazole. 1-pyrazole is preferred. 
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With respect to formula (IF) the term "benzothiophenyl" includes 2- 
benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[b]thiophenyl, 
6-benzo[b]thiophenyl and 7-benzo[b]thiophenyl. 

With respect to formula (IF) the term "naphthyl" includes 1-naphthyl, and 2- 
naphthyl. 1-naphthyl is preferred. 

With respect to formula (IF), similar terms specifying different numbers of C 
atoms take an analogous meaning. For example the terms "C1-C4 alkyl" and "C1-C3 
alkyl" mean a monovalent unsubstituted saturated straight-chain or branched-chain 
hydrocarbon radical having from 1 to 4 and 1 to 3 carbon atoms respectively. The term 
"C1-C4 alkyl" includes methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, 
and tert-butyl. The term "C1-C3 alkyl" includes methyl, ethyl, n-propyl and iso-propyl. 

With respect to formula (IF), it will be appreciated that when s is 2 or 3, then each 
R s and/or each R*can be different. In the same way when t is 2 or 3, then each R 7 and/or 
each R 8 can be different. 

Preferred compounds of formula (IF) are those of formula (IF') 




(IF') 

wherein R 1 , R 2 , R 3 , R 4 and Ari have the values defined in formula (IF) above. 
Preferred compounds of formula (IF) are those of formula (IF") 




(IF") 

wherein R 1 , R 2 , R 3 , R 4 and Ari have the values defined in formula (IF) above. 

Preferred compounds of formula (IF) are those wherein R 1 is C,-C 6 alkyl, C 2 -C 6 
alkenyl, -(CH^-CF^ -(CHJ-S-(C r C 3 alkyl), -CH 2 -COO-(C,-C 2 alkyl), -(C,-C 5 alkylene)- 
0-(C,-C 3 alkyl), -(C.-C, alkylene^CKCj-C, cycloalkyl), -(C,-C 5 alkylene^SO^-Cj 
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alkyl), -(C r ,C 5 alkylene)-OCF 3 , -(C^, alkylene)-OH, -(C r C 5 alkylene)-CN, -(CH^ q -Ar 2 
or a group of formula (ia), (ib) or (ii) 



or 3; n is 1, 2 or 3; t is 2, 3 or 4; -Ari is phenyl, pyridyl, thiazolyl or naphthyl; wherein 
said phenyl, pyridyl or thiazolyl group may be substituted with 1, 2 or 3 substituents each 
independently selected from halo, trifluoromethyl, cyano, C1-C4 alkyl, -0-(Ci-C 4 alkyl), - 
0-(Ci-C 4 difluoroalkyl), -0-(Ci-C 4 trifluoroalkyl), -S-(Ci-C 4 alkyl), -S-(Ci-C 2 
trifluoroalkyl) and/or with 1 substituent selected from pyridyl, pyrazole, phenyl 
(optionally substituted with 1, 2 or 3 halo substituents) and phenoxy (optionally 
substituted with 1, 2 or 3 halo substituents); and wherein said naphthyl group may be 
optionally substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl, cyano, Q-C 4 alkyl, -0-(d-C 4 alkyl), -0-(Ci-C 4 difluoroalkyl), -0-(Ci-C 4 
trifluoroalkyl), -S-(Ci-C 4 alkyl), -S-(Ci-C 2 trifluoroalkyl); Ar 2 is naphthyl, pyridyl, 
thiazolyl, fiuyl, thiophenyl, benzothiophenyl, or phenyl, wherein said naphthyl, pyridyl, 
thiazolyl, fiuyl, thiophenyl, benzothiophenyl, or phenyl may be substituted with 1, 2 or 3 
substituents each independently selected from halo, Ci-C 4 alkyl, trifluoromethyl and -O- 
(Ci-C 4 alkyl). 

Preferred compounds of formula (IF) are those wherein R 2 is hydrogen. In another 
preferred embodiment R 3 and R 4 are hydrogen. More preferably R 2 ,R 3 and R 4 are 
hydrogen. 

Preferred compounds of formula (IF) are those wherein each R 5 and R 6 is 
hydrogen. In another preferred embodiment each R 7 and R 8 is hydrogen. More preferably 
R 5 , R 6 , R 7 and R 8 are hydrogen. 

Preferred compounds of formula (IF) are those wherein R 1 is alkyl. More 
preferably R 1 is n-propyl, 1-methylethyl (i-propyl), 2-methylpropyl (i-butyl), 2- 
methylbutyl, 2,2-dimethylbutyl. 





R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , -X-, -Y-, p, q, r and s have the values defined above; m is 1, 2 
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Preferred compounds of formula (IF) are those wherein R 1 is -(C 4 -C 5 alkylene)- 
OH. More preferably R 1 is 2,2-dimethyl-2-hydroxyethyl or 3,3-dimethyl-3- 
hydroxypropyl. 

Preferred compounds of formula (IF) are those wherein R 1 is a group of formula 

(i) and each R 5 and R 6 is hydrogen. More preferably each R 5 , R 6 , R 7 and R 8 is hydrogen. 

Preferred compounds of formula (IF) are those wherein R 1 is a group of formula 

(ii) and each R 5 and R 6 is hydrogen. More preferably each R 5 , R 6 , R 7 and R 8 is hydrogen. 

Preferred compounds of formula (IF) are those wherein R l is a group of formula 
(i), r is 0 or 1, s is 2, t is 1 or 2, -Z is hydrogen and -X- is -O, -S- or -S0 2 -. More 
preferably R 1 is a group of formula (i), r is 0 or 1, s is 2, t is 1 or 2, -Z is hydrogen and - 
X- is -O-, for example tetrahydro-2#~pyran-4-yl, tetrahydrofuran-3-yl or 
(tetrahydrofuran-3-yl)methyL Most preferably R 1 is a group of formula (i), r is 0, s is 2, t 
is 1 or 2, -Z is hydrogen and -X- is -O-, for example tetrahydro-2#-pyran-4-yl or 
tetrahydrofuran-3-yl. 

Preferred compounds of formula (IF) are those wherein R 1 is a group of formula 
(i), r is 0, s is 1, 2 or 3, t is 1, -Z is hydrogen and -X- is -CH^, for example cyclobutyl, 
cyclopentyl or cyclohexyl. 

Preferred compounds of formula (IF) are those wherein R 1 is a group of formula 
(i), r is 1, s is 0, 1, 2 or 3, t is 1, -Z is hydrogen and -X- is -CH^-. 

Preferred compounds of formula (IF) are those wherein R 1 is a group of the 
formula (ia). More preferably R 1 is a group of the formula (ia) and each R 5 , R 6 , R 7 and R 8 
is hydrogen. 

Preferred compounds of formula (IF) are those wherein R 1 is a group of the 
formula (ib). More preferably R 1 is a group of the formula (ib), r is 1, t is 3, and each 
R 7 and R 8 is hydrogen. 

Preferred compounds of formula (IF) are those wherein R 1 is -(CH 2 ) m -CF 3 . More 
preferably R 1 is -(CH 2 ) m -CF 3 and m is 1, 2, or 3. 

Preferred compounds of formula (IF) are those wherein R J is -(CH^-S-^C^ 
alkyl). More preferably R 1 is -(CH^-S-CH^ 

Preferred compounds of formula (IF) are those wherein R 1 is -OH^-COO-(C r C 2 
alkyl). More preferably R l is -CH^COOOH^. 

Preferred compounds of formula (IF) are those wherein R 1 is -(C r C 5 alkylene)-0- 
(C,-C 3 alkyl). More preferably R 1 is -(C 3 -C 4 alkylene^OCIi,. 
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Preferred compounds of formula (IF) are those wherein R l is -(C,-C s alkylene)-0- 
(C 3 -C 6 cycloalkyl). More preferably R 1 is -CHj-CHj-O-cyclobutyl. 

Preferred compounds of formula (IF) are those wherein R 1 is -(C,-C 3 alkylene)- 
SO^C.-Cj alkyl). 

Preferred compounds of formula (IF) are those wherein R 1 is -(C,-C 5 alkylene)- 
OCF 3 . More preferably R 1 is -CHj-CHj-OCFj. 

Preferred compounds of formula (IF) are those wherein R 1 is -(Cj-Cj alkylene)- 
CN. More preferably R 1 is -(C 2 -C 4 alkylene)-CN. Most preferably -CH 2 -CH 7 -CN or 
-CHj-CXCH^-CN. 

Preferred compounds of formula (IF) are those wherein R 1 is -(CH^-Ar,, and q is 
1. More preferably R 1 is -(CHJ q -Ai 2 , q is 1 and -Ar 2 is pyridyl, phenyl or phenyl 
substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl, C,-C 4 alkyl or 0-(C r C 4 alkyl). 

Preferred compounds of formula (IF) are those wherein -Ari is phenyl; phenyl 
substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl and C,-C 4 alkyl and/or with 1 substituent selected from phenyl, phenyl 
substituted with 1, 2 or 3 halo substituents, pyridyl, pyrazole, phenoxy and phenoxy 
substituted with 1, 2 or 3 halo substituents; pyridyl; or pyridyl substituted with 1, 2 or 3 
substituents each independently selected from halo, trifluoromethyl and C,-C 4 alkyl 
and/or with 1 substituent selected from phenyl and phenyl substituted with 1, 2 or 3 halo 
substituents. More preferably -Ar, is phenyl or phenyl substituted with 1, 2 or 3 
substituents each independently selected from halo, trifluoromethyl and C,-C 4 alkyl 
and/or with 1 substituent selected from phenyl, phenyl substituted with 1, 2 or 3 halo 
substituents, pyridyl, pyrazole, phenoxy and phenoxy substituted with 1, 2 or 3 halo 
substituents. Most preferably -Ar, is phenyl substituted with 1 or 2 substituents each 
independently selected from halo, trifluoromethyl and C,-C 4 alkyl and/or with 1 
substituent selected from phenyl, phenyl substituted with 1, 2 or 3 halo substituents, 
pyridyl, pyrazole, phenoxy and phenoxy substituted with 1, 2 or 3 halo substituents. 
Suitable -Ar, groups include, for example, 2-methylthiophenyl, 2-methylphenyl, 2- 
fluorophenyl, 2-chlorophenyl, 2-isopropoxyphenyl, 2-trifluoromethylphenyl, 2- 
difluoromethoxyphenyl, 2-methoxyphenyl, 2-ethoxyphenyl, 2-(l,l'-biphenyl), 2- 
phenoxyphenyl, 2-benzylphenyl, 3-trifluoromethoxyphenyl, 3-chlorophenyl, 3- 
trifluoromethylphenyl, 3-methylphenyl, 3-trifluorothiomethoxyphenyl, 3-methoxyphenyl, 
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4- trifluoromethylphenyl, 4-chlorophenyl, 4-fluorophenyl, 3,5-dichlorophenyl, 3,5- 
dimethylphenyl, 3-trifluoromemyl-5-fluorophenyl, 3,5-difluorophenyl, 2,3- 
dichlorophenyl, 2,3-dimethylphenyl, 2-chloro-3-trifluoromethylphenyl, 2-chloro-3- 
methylphenyl, 2-methyl-3-chlorophenyl, 2^-dichlorophenyl, 2,4-dimethyl, 2,4- 
difluorophenyl, 2-cMoro-4-fluorophenyl, 2-trifluoromethyl-4-fluorophenyl, 2-fluoro-4- 
trifluoromethylphenyl, 2-methyl-4-chlorophenyl, 2-methoxy-4-fluorophenyl, 2- 
trifluoromethyl-5-fluorophenyl, 2,5-dimethylphenyl, 4-fluoro-[l,l'-biphenyl]-2-yl, 2- 
chloro-5-fluorophenyl, 2-(trifluoromethyl)-6-fluorophenyl, 2-chloro-6-fluorophenyl, 3,4- 
dichlorophenyl, and 3-chloro-4-fluorophenyl. In general when -Ar, is phenyl substituted 
with pyridyl, 3-pyridyl is preferred. 

Preferred compounds of formula (IF) are those wherein -Ar, is pyridyl or pyridyl 
substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl and C,-C 4 alkyl and/or with 1 substituent selected from phenyl and phenyl 
substituted with 1, 2 or 3 halo substituents. More preferably -Ar t is pyridyl substituted 
with 1 or 2 substituents each independently selected from halo, trifluoromethyl and C,-C 4 
alkyl and/or with 1 substituent selected from phenyl and phenyl substituted with 1, 2 or 3 
halo substituents. Suitable -Ar, groups include, for example, 3-phenyl-2-pyridyl. In 
general when -Ar, is a substituted pyridyl, substituted 2-pyridyl is preferred. 
10. A compound of formula (IG) 



4 




wherein -X- is -S- or -O-; each R is independently selected from H or C1-C4 alkyl; R 1 is H, 
Ci-C 4 alkyl, C1-C4 alkoxy, halo, cyano, trifluoromethyl, trifluoromethoxy, -NR 3 R 4 , - 
CONR 3 R 4 , -COOR 3 or a group of the formula (i) 
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(i) 

R is C1-C4 alkyl, phenyl or phenyl substituted with 1, 2 or 3 substituents each independently 
selected from C1-C4 alkyl, C1-C4 alkoxy, nitro, hydroxy, cyano, halo, trifluoromethyl, 
trifluoromethoxy, benzyl, ben2yloxy, -NR 6 R 7 ^ -CONR^ 7 , COOR 6 , -S0 2 NR 6 R 7 and -S0 2 R 6 ; 
R 5 is selected from C1-C4 alkyl, C1-C4 alkoxy, carboxy, nitro, hydroxy, cyano, halo, 
trifluoromethyl, trifluoromethoxy, benzyl, benzyloxy, -NR 8 R 9 , -CONR 8 R 9 , -S0 2 NR 8 R 9 and - 
SO2R 8 ; R 3 , R 4 , R 6 , R 7 , R 8 and R 9 are each independently selected from H or Ci- C 4 alkyl; and 
-Z- is a bond, -CH 2 -, or -O-; or a pharmaceutical^ acceptable salt thereof. 

With respect to formula (IG) the term "C1-C4 alkyl" means a monovalent 
unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 4 carbon atoms. Thus the term "C1-C4 alkyl" includes methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl. 

With respect to formula (IG) the term "C r C 4 alkoxy" means a monovalent 
unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 4 carbon atoms linked to the point of substitution by an O atom. Thus the term "Cj- 

C4 alkoxy" includes methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec- 

butoxy. 

With respect to formula (IG) the term ''halo" or "halogen" means F, CI, Br or I. 
Preferred compounds of formula (IG) are those wherein -X- is -S-. 
Preferred compounds of formula (IG) are those wherein -X- is -O-. 
Preferred compounds of formula (IG) are those wherein R 2 is phenyl. 
Preferred compounds of formula (IG) are those wherein all R groups are 
hydrogen. 

Preferred compounds of formula (IG) are those represented by the formula (IIG) 
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H 

(EG) 



wherein R 1 is H, Q-C4 alkyl, C1-C4 alkoxy, halo, cyano, trifluoromethyl, trifluoromethoxy, - 
NR 3 R 4 , -CONR 3 R 4 , -COOR 3 or a group of the formula (i) 

R 5 is selected from C1-C4 alkyl, C1-C4 alkoxy, carboxy, nitro, hydroxy, cyano, halo, 
trifluoromethyl, trifluoromethoxy, benzyl, benzyloxy, -NR 8 R 9 , -CONR 8 R 9 , -SQ 2 NR 8 R 9 and - 
S0 2 R 8 ;R 3 ,R 4 ,R 8 andR 9 are each independently selected from H or Cp C4 alkyl; -Z- is a 
bond, -CH2-, or -O-; or a pharmaceutically acceptable salt thereof. 

Preferred compounds of formula (IG) or (JIG) are those wherein the substituent R 1 is 
in the three position of the pyridine ring as numbered in formula (IG) above. More preferably 
said substituent R 1 is H, C r C 4 alkyl, halo, cyano, -CONR 3 R 4 , trifluoromethyl or a group of 
the formula (i). When R 1 is -CONR 3 R 4 , then R 3 and R 4 are both preferably H. When R 1 is Ci- 
C 4 alkyl, then it is preferably methyl. 

Preferred compounds of formula (IG) or (HG) are those wherein the substituent R 1 is 
a group of the formula (i). 

Preferred compounds of formula (IG) or (HG) are those wherein R 1 is a group of the 
formula (i), -Z- is a bond, and R 5 is H or halo. 

Preferred compounds of formula (IG) or (HG) are those wherein R 1 is a group of the 
formula (i), -Z- is -CH 2 - or -O-, and R 5 is H. 

Preferred compounds of formula (IG) or (HG) are those wherein the substituent R 1 is 
in the five position of the pyridine ring as numbered in formula (IG) above. More preferably 
said substituent R 1 is selected from bromo, chloro or iodo. 

11. A compound of formula (IH) 
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wherein, 

X is OH, C1-C4 alkoxy, NH2 or NH(C1-C4 alkyl); 
Rx is H or C1-C4 alkyl; 
Ry is H or C1-C4 alkyl; 

each Rz group is independently H or C1-C4 alkyl, with the proviso that not more than 3 
Rz groups may be C1-C4 alkyl; 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkylthio (optionally substituted with 1, 2 or 3 fluorine 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 
cycloalkoxy, C1-C4 alkylsulfonyl, cyano, -CO-0(Cl-C2 alkyl), -0-CO-(Cl-C2 alkyl) 
and hydroxy); C2-C6 alkenyl (optionally substituted with 1, 2 or 3 halogen atoms); C3- 
C6 cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the 
cycloalkyl moiety is optionally substituted by an O-C, S-C or C=C bond; C4-C7 
cycloalkylalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the 
cycloalkyl moiety is optionally substituted by an O-C, S-C or C=C bond; or CH 2 Ar2; and 
Arl and Ar2 are each independently a phenyl ring or a 5- or 6-membered heteroaryl ring 
each of which is optionally substituted with 1, 2 or 3 substituents (depending upon the 
number of available substitution positions) each independently selected from C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 
2 or 3 halogen atoms), -CO-0(Cl-C4 alkyl), cyano, -NRR, -CONRR, halo and hydroxy 
and/or with 1 substituent selected from pyridyl, thiophenyl, phenyl, benzyl and phenoxy 
each of which is optionally ring-substituted with 1, 2 or 3 substituents each independently 
selected from halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
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C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, 
hydroxy, cyano, -NRR, -CONRR, SO2NRR and SO2R); and 
each R is independently H or C1-C4 alkyl; 
or a pharmaceutical^ acceptable salt thereof. 

With respect to compounds of formula (IH), the term "C1-C4 alkyl" means a 
monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 
having from 1 to 4 carbon atoms. Thus the term "C1-C4 alkyl" includes, for example, 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl. 

With respect to compounds of formula (IH), the term "C1-C4 alkoxy" means a 
monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 
having from 1 to 4 carbon atoms linked to the point of substitution by a divalent O 
radical. Thus the term "C1-C4 alkoxy" includes, for example, methoxy, ethoxy, n- 
propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and tert-butoxy. 

With respect to compounds of formula (IH), the term "C1-C4 alkylthio" means a 
monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 
having from 1 to 4 carbon atoms linked to the point of substitution by a divalent S 
radical. Thus the term "C1-C4 alkylthio" includes, for example, methylthio, ethylthio, n- 
propylthio, isopropylthio, n-butylthio, isobutylthio, sec-butylthio and tert-butylthio. 

With respect to compounds of formula (IH), the term "C3-C6 cycloalkyl" means a 
monovalent unsubstituted saturated cyclic hydrocarbon radical having from 3 to 6 carbon 
atoms. Thus the term "C3-C6 cycloalkyl" includes, for example, cyclopropyl, cyclobutyl, 
cyclopentyl and cyclohexyl. 

With respect to compounds of formula (IH), the term "C4-C7 cycloalkylalkyl" 
means a monovalent unsubstituted saturated cyclic hydrocarbon radical having from 3 to 
6 carbon atoms linked to the point of substitution by a divalent unsubstituted saturated 
straight-chain or branched-chain hydrocarbon radical having at least 1 carbon atom. Thus 
the term"C4-C7 cycloalkyl" includes, for example, cyclopropylmethyl, cyclopropylethyl, 
cyclobutylmethyl, cyclopentylmethyl and cyclohexylmethyl. 

With respect to compounds of formula (IH), the phrase "wherein one C-C bond 
within the cycloalkyl moiety is optionally substituted by an O-C, S-C or C=C bond" 
means that either (i) any two adjacent carbon atoms within a cycloalkyl ring may be 
linked by a double bond rather than a single bond (with the number of substituents on 



WO 2005/060949 



PCT/US2004/038221 



-49- 

each carbon atom being reduced accordingly), or that (ii) one of any two adjacent C 
atoms within a cycloalkyl ring (and any substituents thereon) may be replaced by an 
oxygen or sulphur atom. Examples of groups encompassed by this phrase when used in 
conjunction with the term C3-C6 cycloalkyl include, for example: 

+0. Ky - 

Examples of groups encompassed by this phrase when used in conjunction with the term 
C4-C7 cycloalkylalkyl include, for example: 




With respect to compounds of formula (IH), the term "C2-C6 alkenyl" means a 
monovalent unsubstituted unsaturated straight-chain or branched-chain hydrocarbon 
radical having from 2 to 6 carbon atoms and containing at least one carbon-carbon double 
bond. Thus the term "C1-C4 alkenyl" includes, for example, ethenyl, propenyl, 2-methyl- 
2-propenyl and butenyl. 

With respect to compounds of formula (IH), the term "C3-C6 cycloalkoxy" means 
a monovalent unsubstituted saturated cyclic hydrocarbon radical having from 3 to 6 
carbon atoms in the ring linked to the point of substitution by a divalent O radical. Thus 
the term "C3-C6 cycloalkoxyl" includes, for example, cyclopropoxy. 

With respect to compounds of formula (IH), the term "C1-C4 alkylsulfonyl" 
means a monovalent unsubstituted saturated straight-chain or branched-chain 
hydrocarbon radical having from 1 to 4 carbon atoms linked to the point of substitution 
by a divalent SO2 radical. Thus the term "C1-C4 alkylsulfonyl" includes, for example, 

methylsulfonyl. 

With respect to compounds of formula (IH), terms similar to the above definitions 
specifying different numbers of C atoms take an analogous meaning. 

With respect to compounds of formula (IH), the term "halo" or "halogen" means 
F, CI, Br or I. 

With respect to compounds of formula (IH), the term **phenoxy" means a 
monovalent unsubstituted phenyl radical linked to the point of substitution by a divalent 
O radical. 
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With respect to compounds of formula (IH), the term "5-membered heteroaryl 
ring" means a 5-membered aromatic ring including one or more heteroatoms each 
independently selected from N, O and S. Preferably there are not more than three 
heteroatoms in total in the ring. More preferably there are not more than two heteroatoms 
5 in total in the ring. More preferably there is not more than one heteroatom in total in the 

ring. The term includes, for example, the groups thiazolyl, isothiazolyl, oxazolyl, 
isoxazolyl, thiophenyl, furanyl, pyrrolyl, imidazolyl, triazolyl, oxadiazolyl and 
thiadiazolyl. 

"Thiazolyl" as used herein with respect to compounds of formula (IH) includes 2- 
1 0 thiazolyl, 4-thiazolyl and 5 -thiazolyl. 

"Isothiazolyl" as used herein with respect to compounds of formula (IH) includes 3- 
isothiazolyl, 4-isothiazolyl, and 5 -isothiazolyl. 

"Oxazolyl" as used herein with respect to compounds of formula (IH) includes 2- 
oxazolyl, 4-oxazolyl and 5-oxazolyl. 
1 5 "Isoxazolyl" as used herein with respect to compounds of formula (IH) includes 3- 

isoxazolyl, 4-isoxazolyl, and 5-isoxazolyl. 

"Thiophenyl" as used herein with respect to compounds of formula (M) includes 2- 
thiophenyl and 3-thiophenyl. 

"Furanyl" as used herein with respect to compounds of formula (IH) includes 2- 
2 0 furanyl and 3 -furanyl. 

"Pyrrolyl" as used herein with respect to compounds of formula (IH) includes 2- 
pyrrolyl and 3-pyrrolyl. 

"Imidazolyl" as used herein with respect to compounds of formula (IH) includes 2- 
imidazolyl and 4-imidazolyL 

2 5 "Triazolyl" as used herein with respect to compounds of formula (IH) includes 1- 

triazolyl, 4-triazolyl and 5-triazolyl. 

"Oxadiazolyl" as used herein with respect to compounds of formula (IH) includes 4- 
and 5-(l,2,3-oxadiazolyl); 3- and 5-(l,2,4-oxadiazolyl), 3-(l,2,5-oxadiazolyl), 2-(l,3,4- 
oxadiazolyl). 

3 0 "Thiadiazolyl" as vised herein with respect to compounds of formula (IH) includes 4- 

and 5-(l,2,3-thiadiazolyl), 3- and 5-(l,2,4-thiadiazolyl), 3-(l,2,5-thiadiazolyl), 2-(l,3,4- 
thiadiazolyl). 



WO 2005/060949 PCT/US2004/038221 

-51- 

With respect to compounds of formula (IH), the term "6-membered heteroaryl 
ring" means a 6-membered aromatic ring including one or more heteroatoms each 
independently selected from N, O and S. Preferably there are not more than three 
heteroatoms in total in the ring. More preferably there are not more than two heteroatoms 
5 in total in the ring. More preferably there is not more than one heteroatom in total in the 

ring. The term includes, for example, the groups pyridyl, pyrimidyl, pyrazinyl, 
pyridazinyl and triazinyl. 

"Pyridyl' 5 as used herein with respect to compounds of formula (IH) includes 2- 
pyridyl, 3-pyridyl and 4-pyridyl. 
1 0 "Pyrimidyl" as used herein with respect to compounds of formula (IH) includes 2- 

pyrimidyl, 4-pyrimidyl and 5-pyrimidyl. 

"Pyrazinyl" as used herein with respect to compounds of formula (EH) includes 2- 
pyrazinyl and 3-pyrazinyl. 

"Pyridazinyl" as used herein with respect to compounds of formula (IH) includes 3- 
1 5 pyridazinyl and 4-pyridazinyl. 

"Triazinyl" as used herein with respect to compounds of formula (IH) includes 2- 
(1,3,5-triazinyl), 3-, 5- and 6-(l,2,4-triazinyl) and 4- and 5-(l,2,3-triazinyl). 

With respect to compounds of formula (IH), the term "ortho" refers to a position 
on the Arl aromatic ring which is adjacent to the position from which Arl links to the 
2 0 rest of the compound of formula (IH). 

Preferred compounds of formula (IH) are those wherein X is OH, C1-C4 alkoxy, 
or NH2- More preferably, X is OH or NH2. Most preferably X is OH. 

Preferred compounds of formula (IH) are those wherein Rx is H or methyl. Most 
preferably Rx is H. 

2 5 Preferred compounds of formula (IH) are those wherein Ry is H or methyl. Most 

preferably Ry is H. 

Preferred compounds of formula (IH) are those wherein each Rz group is 
independently H or methyl, with the proviso that not more than 3 Rz groups may be 
methyl. Most preferably, each Rz is H. 

3 0 Preferred compounds of formula (IH) are those wherein Rl is C1-C6 alkyl 

(optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected 
from C1-C4 alkylthio (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 
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alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 cycloalkoxy, C1-C4 
alkylsulfonyl, cyano, -CO-0(Cl-C2 alkyl), -0-CO-(0-C2 alkyl) and hydroxy). More 
preferably, Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or 
with 1 substituent selected from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 
5 fluorine atoms), cyano and hydroxy). More preferably, Rl is C1-C6 alkyl (optionally 

substituted with 1, 2 or 3 halogen atoms). More preferably, Rl is C1-C6 alkyl (optionally 
substituted with 1, 2 or 3 fluorine atoms). Examples of specific identities for Rl within 
this embodiment include methyl, ethyl, iso-propyl, iso-butyl, 3,3,3-trifluoropropyl and 
4,4,4-trifluorobutyL 

1 0 Preferred compounds of formula (IH) are those wherein Rl is G2-C6 alkenyl 

(optionally substituted with 1, 2 or 3 halogen atoms). 

Preferred compounds of formula (IH) are those wherein Rl is C3-C6 cycloalkyl 
(optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected 
from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the cycloalkyl moiety is 

15 optionally substituted by an O-C, S-C or C=C bond. More preferably, Rl is C3-C6 

cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent 
selected from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the cycloalkyl 
moiety is optionally substituted by an O-C bond. More preferably, Rl is C3-C6 
cycloalkyl wherein one CrC bond within the cycloalkyl moiety is optionally substituted 

20 by an O-C bond. Examples of specific identities for Rl within this embodiment include 

cyclopropyl, cyclopentyl and tetrahydropyranyl (in particular tetrahydro-2H-pyran-4-yl). 

Preferred compounds of formula (IH) are those wherein Rl is C4-C7 
cycloalkylalkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the 

2 5 cycloalkyl moiety is optionally substituted by an O-C, S-C or C=C bond. 

Preferred compounds of formula (IH) are those wherein Rl is CH2Ar2 wherein 
Ar2 is as defined above. More preferably, Rl is CH2Ar2 wherein Ar2 is a phenyl ring or 
a pyridyl (preferably 2-pyridyl) ring each of which may be substituted with 1, 2 or 3 
substituents each independently selected from C1-C4 alkyl (optionally substituted with 1, 

3 0 2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 

atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo and 
hydroxy. More preferably, Rl is CH2Ar2 wherein Ar2 is a phenyl ring optionally 



WO 2005/060949 



PCT/US2004/038221 



-53- 



substituted in the manner described in the preceding sentence. More preferably, Rl is 
CH2A12 wherein Ar2 is a phenyl ring optionally substituted with 1 or 2 substituents each 
independently selected from C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), halo and 
hydroxy. Examples of specific identities for Rl within this embodiment include 
phenylmethyl and (2-methoxy-phenyl)methyL 

Preferred compounds of formula (IH) are those wherein Arl is a phenyl ring or a 
5- or 6-membered heteroaryl ring; each of which is substituted in the ortho position with 
a substituent selected from C1-C4 jalkyl (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), -CO-0(Cl-C4 alkyl), 
cyano, -NRR, -CONRR, halo, hydroxy, pyridyl, thiophenyl, phenyl, benzyl and phenoxy, 
each of which ortho substituents is optionally ring-substituted (where a ring is present) 
with 1, 2 or 3 substituents each independently selected from halogen, C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, hydroxy, cyano, -NRR, - 
CONRR, SO2NRR and SO2R; and each of which is (in addition to ortho substitution) 
optionally further substituted with 1 or 2 substituents each independently selected from 
C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), -CO-0(Cl-C4 alkyl), cyano, -NRR, -CONRR, 
halo and hydroxy. More preferably, Arl is a phenyl ring or a pyridyl (preferably 2- 
pyridyl) ring each of which is substituted and optionally further substituted in the manner 
described in the preceding sentence. More preferably, Arl is a group of the formula (a): 



A is N or CR6 (preferably CR6); R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 
halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl- 
C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 




wherein, 
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thiophenyl, phenyl (optionally substituted with 1, 2 or 3 substituents each independently 
selected from halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
or C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms)) or phenoxy 
(optionally substituted with 1, 2 or 3 halogen atoms); R3 is H; R4 is H; R5 is H, C1-C4 
alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 
2 or 3 halogen atoms), halo or hydroxy; and R6 (if present) is EL More preferably, Arl is 
a group of the formula (a) wherein, A is CR6; R2 is C1-C4 alkyl (optionally substituted 
with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 
fluorine atoms) or phenyl (optionally substituted with 1, 2 or 3 fluorine atoms); R3 is H; 
R4 is H; R5 is H or F; and R6 is H. Examples of specific identities for Arl include 2- 
methoxy-phenyl, 2-ethoxy-phenyl, 2-trifluoromethoxy-phenyl, 2-phenyl-phenyl, 2-(3- 
fluoro-phenyl)-phenyl, 2-methoxy-5-fluoro-phenyl and 2-phenyl-5-fluoro-phenyl. 

It will be appreciated that a compound of formula (EH) above will possess at least 
two asymmetric carbon atoms. For compounds of formula (IH), where a structural 
formula does not specify the stereochemistry at one or more chiral centres, it 
encompasses all possible stereoisomers and all possible mixtures of stereoisomers 
(including, but not limited to, racemic mixtures), which may result from stereoisomerism 
at each of the one or more chiral centers. Preferred compounds of formula (IH) are those 
of formula (EH) 




(HH) 

wherein, X, Rx, Ry, Rz, Rl and Arl are as defined for formula (I) above; or a 
pharmaceutically acceptable salt thereof. 

Preferred compounds of formula (IH) are those of formula (JJULH) 



WO 2005/060949 



PCT/US2004/038221 



-55- 




wherein, X, Rl and Arl are as defined for formula (IH) above; or a pharmaceutically 
acceptable salt thereof. 
5 Preferred compounds of formula (IH) are those of formula (111H) wherein 

XisOHorNH 2 ; 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkylthio (optionally substituted with 1, 2 or 3 fluorine 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 

10 cycloalkoxy, C1-C4 alkylsulfonyl, cyano, -CO-0(Cl-C2 alkyl), -OCO-(C1-C2 alkyl) 

and hydroxy); C3-C6 cycloalkyl (optionally substituted with 1, 2 or 3 halogen atoms 
and/or with 1 substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C 
bond within the cycloalkyl moiety is optionally substituted by an O-C, S-C or C=C bond; 
or CH2Ar2 wherein Ar2 is a phenyl ring or a pyridyl (preferably 2-pyridyl) ring each of 

15 which may be substituted with 1, 2 or 3 substituents each independently selected from 

C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), halo and hydroxy; and 

Arl is a phenyl ring or a 5- or 6-membered heteroaryl ring; each of which is substituted 
2 0 in the ortho position with a substituent selected from C1-C4 alkyl (optionally substituted 

with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 
halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), - 
CO-0(Cl-C4 alkyl), cyano, -NRR, -CONRR, halo, hydroxy, pyridyl, thiophenyl, phenyl, 
benzyl and phenoxy, each of which ortho substituents is optionally ring-substituted 
2 5 (where a ring is present) with 1, 2 or 3 substituents each independently selected from 

halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, hydroxy, cyano, - 
NRR, -CONRR, SO2NRR and SO2R; and each of which is (in addition to ortho 
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substitution) optionally further substituted with 1 or 2 substituents each independently 
selected from C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), -CO-0(Cl-C4 alkyl), cyano, -NRR, -CONRR, 
halo and hydroxy; or a pharmaceutical^ acceptable salt thereof. 

Preferred compounds of formula (EH) are those of formula (TVH) 




wherein, 
XisOHorNH 2 ; 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine 
atoms), cyano, and hydroxy); C3-C6 cycloalkyl (optionally substituted with 1, 2 or 3 
halogen atoms and/or with 1 substituent selected from C1-C4 alkoxy and hydroxy) 
wherein one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C 
bond; or CH2A12 wherein Ar2 is a phenyl ring optionally substituted with 1, 2 or 3 

substituents each independently selected from C1-C4 alkyl (optionally substituted with 1, 
2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo and 
hydroxy; 

A is N or CR6 (preferably CR6); R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 
halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 
thiophenyl, phenyl (optionally substituted with 1, 2 or 3 substituents each independently 
selected from halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), or 
C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms)) or phenoxy (optionally 
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substituted with 1, 2 or 3 halogen atoms); R3 is H; R4 is H; R5 is H, C1-C4 alkyl (optionally 
substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 
3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo 
or hydroxy; and R6 (if present) is H; or a pharmaceutical^ acceptable salt thereof. 
Preferred compounds of formula (M) are those of formula (VH) 




(VH) 

wherein, 

XisOHorNH 2 ; 

Rl is C1-C6 alkyl (optionaUy substituted with 1, 2 or 3 fluorine atoms), C3-C6 
cycloalkyl wherein one C-C bond within the cycloalkyl moiety is optionally substituted 
by an O-C bond or CH2A12 wherein Ar2 is a phenyl ring optionally substituted with 1 or 
2 substituents each independently selected from C1-C4 alkyl (optionally substituted with 
1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
atoms), halo and hydroxy; 

R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1, 2 or 3 fluorine atoms); and R5 is H or F; or a pharmaceutical^ acceptable salt 
thereof. 

Preferred compounds of formula (IH) are those of formula (VTH) 
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wherein, 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms) or C3-C6 
cycloalkyl wherein one C-C bond within the cycloalkyl moiety is optionally substituted 
by an O-C bond; 

R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1, 2 or 3 fluorine atoms); and R5 is H or F; or a pharmaceutical^ acceptable salt 
thereof. 

Compounds within the scope of Formulae (IA), (IB), (IC), (ID), (IE), (IF), (IG) 
and (IH) above are selective inhibitors of norepinephrine reuptake. Biogenic amine 
transporters control the amount of biogenic amine neurotransmitters in the synaptic cleft. 
Inhibition of the respective transporter leads to a rise in the concentration of that 
neurotransmitter within the synaptic cleft. Compounds of Formulae (IA), (IB), (IC), (ID), 

(IE) , (IF), (IG) and (IH) above and their pharmaceutically acceptable salts preferably 
exhibit a value less than lOOOnM, more preferably less than 500nM, at the 
norepinephrine transporter as determined using the scintillation proximity assay as 
described below. More preferred compounds of Formulae (IA), (IB), (IC), (ID), (IE), 

(IF) , (IG), and (IH) above and their pharmaceutically acceptable salts exhibit a K[ value 
less than lOOnM at the norepinephrine transporter. More preferred compounds of 
Formulae (IA), (IB), (IQ, (ID), (IE), (IF), (IG) and (IH) above and their pharmaceutically 
acceptable salts exhibit a K{ value less than 50nM at the norepinephrine transporter. 
Especially preferred compounds of Formulae (IA), (IB), (IC), (ID), (IE), (IF), (IG) and 
(IH) above and their pharmaceutically acceptable salts exhibit a K[ value less than 20nM 
at the norepinephrine transporter. Preferably, these compounds selectively inhibit the 
norepinephrine transporter relative to the serotonin and dopamine transporters by a factor 
of at least five, more preferably by a factor of at least ten. 

In addition, the compounds of Formulae (IA), (IB), (IC), (ID), (IE), (IF), (IG), and 
(IH) above of the present invention are preferably acid stable. Advantageously, they have 
a, reduced interaction (both as substrate and inhibitor) with the liver enzyme Cytochrome 
P450 (CYP2D6). That is to say, they preferably exhibit less than 75% metabolism via the 
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CYP2D6 pathway according to the CYP2D6 substrate assay described below and they 
preferably exhibit an IC50 of >6|jM according to the CYP2D6 inhibitor assay described 
below. 

Norepinephrine reuptake inhibitors useful in the present invention are selective for 
the reuptake of norepinephrine over the reuptake of other neurotransmitters, e.g. serotonin 
and dopamine. It is also preferred that the norepinephrine reuptake inhibitor does not 
exhibit significant direct' agonist or antagonist activity at other receptors. It is especially 
preferred that the norepinephrine reuptake inhibitor be selected from atomoxetine, 
reboxetine, (S,S)-reboxetine, (R)-N-methyl-3-(2-methyl-thiophenoxy)-3- 
phenylpropylamine, and compounds of Formulae (I), (IA), (IB), (IC), (ID), (IE), (IF), 
(IG) and (EH) above. 

The present invention encompasses the use of pharmaceutical compositions 
comprising the compounds disclosed herein, or pharmaceutically acceptable salts thereof, 
together with a pharmaceutically acceptable carrier, diluent, or excipient. 

It will be understood by the skilled reader that most or all of the compounds used 
in the present invention are capable of forming salts, and that the salt forms of 
pharmaceuticals are commonly used, often because they are more readily crystallized and 
purified than are the free bases. In all cases, the use of the pharmaceuticals described 
above as salts is contemplated in the description herein, and often is preferred, and the 
pharmaceutically acceptable salts of all of the compounds are included in the names of 
them. 

Many of the compounds used in this invention are amines, and accordingly react 
with any of a number of inorganic and organic acids to form pharmaceutically acceptable 
acid addition salts. Since some of the free amines of the compounds of this invention are 
typically oils at room temperature, it is preferable to convert the free amines to their 
pharmaceutically acceptable acid addition salts for ease of handling and administration, 
since the latter are routinely solid at room temperature. Acids commonly employed to 
form such salts are inorganic acids such as hydrochloric acid, hydrobromic acid, 
hydroiodic acid, sulfuric acid, phosphoric acid, and the like* and organic acids, such as g- 
toluenesulfonic acid, methanesulfonic acid, oxalic acid, 2-bromophenylsulfonic acid, 
carbonic acid, succinic acid, citric acid, benzoic acid, acetic acid and the like. Examples 
of such pharmaceutically acceptable salts thus are the sulfate, pyrosulfate, bisulfate, 
sulfite, bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, 
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metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate, propionate, decanoate, 
caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, 
malonate, succinate, suberate, sebacate, fumarate, maleate, butyne-l,4-dioate, hexyne- 
1,6-dioate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate, 
methoxybenzoate, phthalate, sulfonate, xylenesulfonate, phenylacetate, phenylpropionate, 
phenylbutyrate, citrate, lactate, b-hydroxybutyrate, glycollate, tartrate, methanesulfonate, 
propanesulfonate, naphthalene- 1 -sulfonate, naphthalene-2-sulfonate, mandelate and the 
like. Preferred pharmaceutically acceptable salts are those formed with hydrochloric 
acid. 

Pharmaceutically acceptable salts of the compounds of Formulae (IA), (IB), (IC), 
(ID) (IE), (IF), (IG) and (JH) above include acid addition salts, including salts formed 
with inorganic acids, for example hydrochloric, hydrobromic, nitric, sulphuric or 
phosphoric acids, or with organic acids, such as organic carboxylic or organic sulphonic 
acids, for example, acetoxybenzoic, citric, glycolic, o- mandelic-1, mandelic-dl, mandelic 
d, maleic, mesotartaric monohydrate, hydroxymaleic, fumaric, lactobionic, malic, 
methanesulphonic, napsylic, naphtalenedisulfonic, naphtoic, oxalic, palmitic, 
phenylacetic, propionic, pyridyl hydroxy pyruvic, salicylic, stearic, succinic, sulphanilic, 
tartaric, 2-hydroxyethane sulphonic, toluene-p-sulphonic, and xinafoic acids. 

In addition to the pharmaceutically acceptable salts, other salts can serve as 
intermediates in the purification of compounds, or in the preparation of other, for 
example pharmaceutically acceptable, acid addition salts, or are useful for identification, 
characterization, or purification. 

The present invention encompasses the administration of a composition that 
exhibits selective norepinephrine reuptake inhibitor activity. The composition can 
comprise one or more agents that, individually or together, inhibit norepinephrine 
reuptake in a selective manner. ■ 

The dosages of the drugs used in the present invention must, in the final analysis, 
be set by the physician in charge of the case using knowledge of the drugs, the properties 
of the drugs in combination as determined in clinical trials, and the characteristics of the 
patient including diseases other than that for which the physician is treating the patient. 
General outlines of the dosages, and some preferred dosages, are: 

Atomoxetine: 
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In adults and older adolescents : from about 5 mg/day to about 200 mg/day; 
preferably in the range from about 60 to about 150 mg/day; more preferably from about 
60 to about 130 mg/day; and still more preferably from about 50 to about 120 mg/day; 

In children and younger adolescents : from about 0.2 to about 3.0 mg/kg/day; 
preferably in the range from about 0.5 to about 1.8 mg/kg/day; 

Reboxetine: Racemic reboxetine can be administered to an individual in an 
amount in the range of from about 2 to about 20 mg per patient per day, more preferably 
from about 4 to about 10 mg/day, and even more preferably from about 6 to about 10 
mg/day. Depending on the formulation, the total daily dosage can be administered in 
smaller amounts up to two times per day. A preferred adult daily dose of optically pure 
(S,S) reboxetine can be in the range of from about 0.1 mg to about 10 mg, more 
preferably from about 0.5 mg to about 8 to 10 mg, per patient per day. The effective 
daily dose of reboxetine for a child is smaller, typically in the range of from about 0.1 mg 
to about 4 to about 5 mg/day. Treatments using compositions containing optically pure 
(S,S)~reboxetine are about 5 to about 8.5 times more effective in inhibiting the reuptake 
of norepinephrine than compositions containing a racemic mixture of (R,R)- and (S,S)- 
reboxetine, and therefore lower doses can be employed. PCT International Publication - 
No. WO 01/01973 contains additional details concerning the dosing of (S,S) reboxetine. 

Compounds of formula I: from about 0.01 mg/kg to about 20 mg/kg; preferred 
daily doses will be from about 0.05 mg/kg to 10 mg/kg; ideally from about 0.1 mg/kg to 
about 5 mg/kg; 

Compounds of formulae (IA), (IB), (IQ, (ID), (IE), (IF), (IG) and (IH) above: 
from about 5 to about 500 mg, more preferably from about 25 to about 300 mg, of the 
active ingredient per patient per day. 

The pharmaceutical compositions are prepared in a manner well known in the 
pharmaceutical art. The carrier or excipient can be a solid, semi-solid, or liquid material 
that can serve as a vehicle or medium for the active ingredient. Suitable carriers or 
excipients are well known in the art. The pharmaceutical composition can be adapted for 
oral, inhalation, parenteral, or topical use, and can be administered to the patient in the 
form of tablets, capsules, aerosols, inhalants, suppositories, solutions, suspensions, or the 
like. 
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The compounds useful for the methods of the present invention can be 
administered orally, for example, with an inert diluent or capsules or compressed into 
tablets. For the purpose of oral therapeutic administration, the compounds can be 
incorporated with excipients and used in the form of tablets, troches, capsules, elixirs, 
suspensions, syrups, wafers, chewing gums, and the like. These preparations should 
contain at least 4% of the compound of the present invention, the active ingredient, but 
can be varied depending upon the particular form and may conveniently be between 4% 
to about 70% of the weight of the unit The amount of the compound present in 
compositions is such that a suitable dosage will be obtained. Preferred compositions and 
preparations useful for the methods of the present invention can be determined by a 
person skilled in the art. 

The tablets, pills, capsules, troches, and the like can also contain one or more of 
the following adjuvants: binders such as microcrystalline cellulose, gum tragacanth or 
gelatin; excipients such as starch or lactose, disintegrating agents such as alginic acid, 
Primogel, com starch and the like; lubricants such as magnesium stearate or Sterotex; 
glidants such as colloidal silicon dioxide; and sweetening agents such as sucrose or 
saccharin may be added or a flavoring agent such as peppermint, methyl salicylate or 
orange flavoring. When the dosage unit form is a capsule, it can contain, in addition to 
materials of the above type, a liquid carrier such as polyethylene glycol or a fatty oil. 
Other dosage unit forms can contain other various materials that modify the physical form 
of the dosage unit, for example, as coatings. Thus, tablets or pills can be coated with 
sugar, shellac, or other coating agents. A syrup can contain, in addition to the present 
compounds, sucrose as a sweetening agent and certain preservatives, dyes and colorings, 
and flavors. Materials used in preparing these various compositions should be 
pharmaceutically pure and non-toxic in the amounts used. 

A formulation useful for the administration of R-(-)-N-methyl 3-((2- 
methylphenyl)oxy)-3 -phenyl- 1-aminopropane hydrochloride (atomoxetine) comprises a 
dry mixture of R-(-)-N-methyl 3 -((2-methylphenyl)oxy)-3 -phenyl- 1-aminopropane 
hydrochloride with a diluent and lubricant A starch, such as pregelatinized com starch, 
is a suitable diluent and a silicone oil, such as dimethicone, a suitable lubricant for use in 
hard gelatin capsules. Suitable formulations are prepared containing about 0.4 to 26% R- 
(-)-N-methyl 3-((2-methylphen-yl)oxy)-3-phenyl-l-aminopropane hydrochloride, about 
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73 to 99% starch, and about 0.2 to 1.0% silicone oil. the following tables illustrate 
particularly preferred atomoxetine formulations: 



Ingredient (%) 


2.5 


5 ntf? 


10 


151 

AO 






A A 
4U 


oU 




mg 




mg 


mg 


mg 


mg 


mg 


mg 


R-(-)-N-methyl 3-((2- 

meth-ylphenyl)oxy)-3- 

phenyl-1- 

aminoproparie 

hydrochloride 


1.24 


2.48 


4.97 


8.94 


9.93 


12.42 


19.87 


22.12 


Dimethicone 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


Pregelatinized Starch 


98.26 


97.02 


94.53 


90.56 


89.57 


87.08 


79.63 


77.38 








Ingredient 
(mg/capsule) 
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mg 


5 mg 
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mg 
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mg 
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mg 


25 
mg 


J* fx 

40 

mg 


60 
mg 


R-(-)-N-methyl 3-((2- 
meth-ylphenyl)oxy)-3 - 
phenyl- 1- 
aminopropane 
hydrochloride 


2.86 


5.71 


11.43 


20.57 


22.85 


28.57 


45.71 


.68.56 


Dimethicone 


1.15 


1.15 


1.15 


1.15 


1.15 

K 


1.15 


1.15 


1.55 


Pregelatinized Starch 
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Capsule Fill Weight 
(mg) 


230 


230 


230 


230 


230 


230 


230 


310 


Capsule Size 
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For the purpose of parenteral therapeutic administration, the compounds of use in 
the present invention can be incorporated into a solution or suspension. These 
preparations typically contain at least 0.1% of a compound of the invention, but can be 
varied to be between 0.1 and about 90% of the weight thereof. The amount of the 
compound present in such compositions is such that a suitable dosage will be obtained. 
The solutions or suspensions can also include one or more of the following adjuvants: 
sterile diluents such as water for injection, saline solution, fixed oils, polyethylene 
glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial agents such 
as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium 
bisulfite; chelating agents such as ethylene diaminetetra-acetic acid; buffers such as 
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium 
chloride or dextrose. The parenteral preparation can be enclosed in ampoules, disposable 
syringes or multiple dose vials made of glass or plastic. Preferred compositions and 
preparations can be determined by one skilled in the art. 

Inhibition of Norepinephrine Reuptake 

The ability of compounds to inhibit the reuptake of norepinephrine can be 
measured by the general procedure of Wong, et aL, supra. 

Male Sprague-Dawley rats weighing 150-250 gm are decapitated and brains are 
immediately removed. Cerebral cortices are homogenized in 9 volumes of a medium 
containing 0.32 M sucrose and 1 0 mM glucose. Crude synaptosomal preparations are 
isolated after differential centrifugation at 1000 x g for 10 minutes and 17,000 x g for 28 
minutes. The final pellets are suspended in the same medium and kept in ice until use 
within the same day. 

Synaptosomal uptake of 3 H-norepmephrine is determined as follows. Cortical 
synaptosomes (equvalent to 1 mg of protein) are incubated at 37°C for 5 minutes in 1 mL 
Krebs-bicarbonate medium containing also 10 mM glucose, 0.1 mM iproniazide, 1 mM 
ascorbic acid, 0.17 mM EDTA and 50 nM 3 H-norepinephrine. The reaction mixture is 
immediately diluted with 2 mL of ice-chilled Krebs-bicarbonate buffer and filtered under 
vacuum with a cell harvester (Brandel, Gaithersburg, MD). Filters are rinsed twice with 
approximately 5 mL of ice-chilled 0.9% saline and the uptake of 3 H-norepinephrine 
assessed by liquid scintillation counting. Accumulation of 3 H-norepinephrine at 4°C is 
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considered to be background and is subtracted from all measurements. The concentration 
of the test compound required to inhibit 50% of the 3 H-norepinephrine accumulation 
(IC50 values) are determined by linear regression analysis. 

It should be noted that the methods of the present invention are effective in the 
treatment of children, adolescents, and adults. For purposes of the present invention, a 
child is considered to be a patient below the age of puberty, an adolescent is considered to 
be a patient from the age of puberty up to about 1 8 years of age, and an adult is 
considered to be a patient 18 years or older. 

Preparation of Compounds of Formula (IA) 

Compounds of formula (IA) may be prepared by conventional organic chemistry 
techniques and also by solid phase synthesis. In the present specification the abbreviation 
"boc" refers to the N-protecting group t-butyloxycarbonyl. In the present specification 
the abbreviation "TFA" refers to trifluoroacetic acid. In the present specification the 
abbreviation "DMF" refers to dimethylformamide. In the present specification the 
abbreviation "SPE" refers to solid phase extraction. In the present specification the 
abbreviation "ACE-C1" refers to a-chloroethyl chloroformate. 

When R8 is H, a suitable three-step conventional synthesis is outlined in Scheme 
IA shown below. 




TFA 



HN 



Rl 




R2 





" H 




f — 


_ I 


t-7. 


n 




R6 R5 
IA (where R8 = H) 



Scheme 1A 



A boc-protected 4-piperidone (HA) is reductively aminated with an amine to 
provide a 4-amino-piperidine (IHAa or mAb). A second reductive amination with an 
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aldehyde or ketone provides a boc-protected compound of formula (IA) (IVA). The boc 
group is removed under acidic conditions to provide a compound of formula (IA) (where 
R8 is H). If desired, the compound of formula (IA) (where R8 is H) may be converted to a 
suitable salt by addition of a suitable quantity of a suitable acid. In the schemes above (and 
below) Rl to R7, R9, RIO and n are as previously defined, m is 0, 1 or 2 and Rl 1 and R12 
are chosen such that Rl 1-CH-R12 = Rl. 

Although the boc N-protecting group is used in the above illustration, it will be 
appreciated that other N-protecting groups (for example acetyl, benzyl or 
benzoxycarbonyl) could also be used together with a deprotection step appropriate for the 
N-protecting group used. Similarly, other reducing agents (for example NaBHLj. or 
LiAlH4) may be used in the reductive animation steps and other acids (for example HC1) 
may be used in the deprotection step. 

As an alternative to the second reductive animation step, compound TTTAa or 
mAb may be subjected to an alkylation step as shown in Scheme IB below (L represents 
a suitable leaving group - for example Br or tosyl). 
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Scheme IB 



10 



Once again, N-protection other than boc may also be used together with a suitable 
deprotection step. Similarly, bases other than potassium carbonate (e.g NaH) may be used 
for the alkylation step 

Using essentially the same chemical reactions as in the first scheme above, the 
compounds of formula (IA) (where R8 is H) may also be prepared by a solid phase 
parallel synthesis technique as outlined in Scheme 1C shown below. 



WO 2005/060949 PCT/US2004/038221 



-69- 




IA (where R8 = H) 

Scheme 1C 



A piperidone hydrate is attached to a polystyrene resin to provide a resin bound piperidone 
(VA). Aliquots are reductively aminated to provide a resin bound secondary amine (VIA) that 
can undergo a further reductive amination with an aldehyde or ketone to give the tertiary 
amine (VIIA). Acidic cleavage from the resin and SPE provides compounds of formula (IA) 
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(where R8 is H) which may be purified by ion exchange methods using, for example, the 
SCX-2 ion exchange resin. 

Although NaBH(OAc) 3 is used in the above illustration, it will be appreciated that 
other reducing agents (for example NaBEL). or L1AIH4) may be used in the reductive 
animation steps and other acids (for example HC1) may be used in the deprotection step. 
Solid phase resins other than the p-nitrophenylcarbonate-polystyrene resin illustrated 
above may also be employed. 

When R8 is Ci-C4alkyl, a conventional synthetic route is outlined in Scheme ID 
shown below. 
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Scheme ID 
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A beiuzyl-protected 4-piperidone (VIHA) is alkylated with an alkyllithium reagent to 
provide a 4-amino-piperidinol (IXA). Treatment with an alkylnitrile or alkylamide under 
strongly acidic conditions provides a secondary amide (XA) which may be deprotected, 
boc-protected and reduced to provide a secondary amine (XIA). Alkylation of the 
secondary amine (XIA) followed by removal of the boc group provides a compound of 
formula (IA) (where R8 is Ci-C4alkyl). In the scheme above L is a leaving group as 
previously defined and Rl 3 is chosen such that Rl 3-CH2 = Rl . 

Although the benzyl and boc N-protecting groups are used in the above 
illustration, it will be appreciated that other N-protecting groups could also be used in 
their place together with deprotection steps appropriate for those N-protecting groups. 
Similarly, other reducing agents may be used in the amidecarbonyl reduction step and 
other organometallics or bases may be used in the respective alkylation steps. 

Preparation of Compounds of Formula (IB) 

A general scheme outlining the synthetic routes to compounds of Formulae (IB) 
wherein Y is OH is shown below (Scheme IB). For clarity, Ar 2 is shown as phenyl and 
Ry and Rz are shown as H. It will be appreciated that analogous methods could be 
applied for other possible identities of Ar 2 , Ry and Rz. 




'o 

2B 

Scheme IB 
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Compounds of Formulae (IB) can be prepared by conventional organic chemistry 
techniques from an iV-benzyl-ketomorpholine of type IB by addition of a suitable 
organometallic derivative (method A), or via the addition of a suitable organometaUic 
reagent to an epoxide of type 2B (method B), as outlined in Scheme IB. 

The racemic intermediates of type IB can be obtained as outlined in Scheme 2B 
by condensation of an JV-benzyl cyanomorpholine 5B (J. Med Chem. 1993, 36, pp 683 
- 689) with a suitable aryl organometallic reagent followed by acid hydrolysis. Chiral 
HPLC separations of the racemic W-benzyl-aryl-ketomorpholine of type IB gives the 
required single enantiomer, i.e., the (2S)- iV-benzyl-aryl-ketomorpholine of type 6B 
(Scheme 2B). 




5B IB 6B 

Scheme 2B 



Condensation of a chiral (2S)-iv*-ben2yl-aryl-ketomorpholine of type 6B with a 
commercially available benzylic magnesium halide or a benzylic magnesium halide 
prepared using standard Grignard techniques from the corresponding halo-benzylic 
derivative gives a tertiary alcohol of type 3B without any observed epimerisation of the 
existing asymmetric center (ee's/de's determinations can be carried out using chiral 
HPLC) and with very high overall diastereoisomeric excesses (see Scheme 3B). The final 
compounds of type 4B can be obtained after cleavage of the JV-benzyl protecting group on 
a compound of type 3B. The deprotection can be done using catalytic palladium 
hydrogenolysis, or carbamate exchange with ACE-C1 (1-Chloroethyl chloroformate), 
giving intermediates of type 7B, followed by melhanolysis as shown in Scheme 3B. 
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Scheme 3B 

The intermediates 3B can be further elaborated using for example organometallic 
type couplings between an ortho bromide derivative of type 8B and an arylboronic acid as 
shown in Scheme 4B. For clarity, Ar i and its substituent (Rj) are shown as phenyl and 
substitution occurs at the 2-position. It will be appreciated that analogous methods could 
be applied for other possible identities of and and other possible substitution 
positions. This approach can also be carried out by solid phase synthetic methods as 
described in more detail in the specific examples below. 




Scheme 4B 

An alternative route for the preparation of the compounds of Formulae (IB) is 
method B (see Scheme IB). Formation of the intermediate epoxides of type 2B from 
racemic AT-benzyl-ketomorpholines of type IB, can be done using for example trimethyl 
sulfoxonium iodide and a suitable base, for example sodium hydride. Condensation of 
2B with a commercially available aryl organometallic, or an aryl organometallic prepared 
from the corresponding halo aryl derivative, gives the intermediates of type 3B, as 
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mixtures of diastereoisomers. Final deprotections can be done as described above (see 
Scheme 3B). Final compounds made using method B can be purified using chiral HPLC. 

Compounds of Formula (IB) of the present invention wherein Y is OR and R is 
C1-C4 alkyl, can be synthesized by standard alkylation of intermediates of type 3B prior 
to deprotection of the morpholine N-atom as shown in Scheme SB. Suitable strong bases 
will be known to the person skilled in the art and include, for example, sodium hydride. 
Similarly, suitable alkylating agents will be known to the person skilled in the art and 
include, for example, C1-C4 alkyl halides such as methyl iodide. 




Scheme 5B 



Preparation of Compounds of Formula (IO 

Compounds of formula (IC) may be prepared by conventional organic chemistry 
techniques from N-benzyl-cyanomorpholine 1C (Route A) or N-benzyl-morpholinone 2C 
(Route B) as outlined in Scheme 1C below: For clarity, X is shown as phenyl and R' and 
R 1 are shown as H. It will be appreciated that analogous methods could be applied for 
other possible identities of X, R' and R 1 . 
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Scheme 1C 

More detail of Route A is given in Scheme 2C: 




Scheme 2C 

The amino alcohol 4Ca can be obtained by reaction of N-benzyl- 
cyanomorpholine 1C with a Grignard reagent, followed by acid hydrolysis to give 
racemic phenyl ketone 3C which may be separated on chiral HPLC. (2S)-Phenyl ketone 
3Ca may then be reduced with DIP-C1 to give 4Ca in high diastereomeric excess. The 
amino alcohol 4Ca is converted into benzyl bromide 5Ca, to give the desired N- 
substituted aryl thio morpholines after displacement with the requisite aryl thiol. N- 
substituted aryloxy morpholines may be obtained in an analogous manner by 
displacement with the requisite hydroxyaryl compound Alternatively, N-substituted 
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aryloxy morpholines may be obtained by addition of a strong base, such as sodium 
hydride, to the amino alcohol 4Ca to form a nucleophilic alkoxide followed by an S^Ai 
reaction with an Ar group substituted with a suitable leaving group (e.g. F). Deprotection 
of the tertiary amine gives the final products. 

Detail of route B is given in Scheme 3C: 

OH .. OH 



a.— c 



O 5 X* ^ <^ Ph^ 6Ca,6Cb ph J 4Ca:{2S,2'S) 

"^/^ m Ph 4Cb:(2R,2 , R) 




Ph^ Ph ^ ^ ' ^O-"^ 



2C 



6Cc: (^^S), J J 

6Cd:(2K,2*R; 6Cc,6Cd Ph 4Cc: (2R,2'S) 



4Cd: (2S,2*R) 



Scheme 3C 



Treatment of iV-benzyl morpholinone 2C with a strong base such as lithium 
diisopropylamide at low temperature followed by addition of benzaldehyde gives aldol 
adducts 6Ca-6Cd as a 2:1 mixture of diastereomer pairs 6Ca,6Cb and 6Cc,6Cd, which 
may be separated using conventional chromatographic techniques. Reduction with a 
borane reagent at elevated temperatures gives diasteremeric amino alcohol pairs 4Ca,4Cb 
and 4Cc,4Cd respectively. 

i 

Amino alcohol pair 4Ca,4Cb may be converted to bromide 5Ca,5Cb and further 
to racemic aryl thio morpholines as outlined in Scheme 4C. Amino alcohol pair 4Cc,4Cd 
may be converted into the corresponding mesylate. Displacement with the requisite thiol, 
followed by removal of the nitrogen protecting group furnishes aryl thiol morpholines as 
racemic mixtures of two diastereomers. The racemic aryl thiol morpholines may be 
separated into enantiomerically pure products using chiral HPLC technology. N- 
substituted aryloxy morpholines may be obtained in an analogous manner by 
displacement with the requisite hydroxyaryl compound. 
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9 H Br R1 " 



Ph 4Cb;(ii;I|) Ph SCbrill'ls) 8C: R1 = ortft °- CF3 9C: (2S.2'S): R1 = ortfio-CF3 



4Cc.4Cd Ph^ 7Ca .7Cb * N — ' 



Scheme 4C 

Aryl-substituted. morpnolines 33C, 35C, 37C may be obtained from 
moipholinone 2C as outlined in Scheme 5C: 



,CK .O.H? H . OH ..Br 



Ph Pri J J 

2C Pri Ph^ 

38Ca,38Cb: R = meta-F 41Ca,41Cb: R = meta-F 44Ca,44Cb: R = meta-F 

39Ca,39Cb: R = para-Cl 42Ca,42Cb: R = para-CI 45Ca,45Cb: R = para-CI 

40Ca,40Cb: R = ortho-F 43Ca,43Cb: R = ortho-F 46Ca,46Cb: R = ortho-F 

Ph^ 

32Ca v 32Cb: R = meta-F, R' = CF3 33C; R = meta-F, R* = CF3 

34Ca,34Cb: R = para-CI. R' = CF3 35C: R = para-CI, R' = CF3 

36Ca,36Cb: R = ortho-F, R* = CI 37C: R = ortho-F, R' = CI 

Scheme 5C 

An alternative route to 9C is outlined in Scheme 6C. This route makes use of a 
chiral auxiliary and gives 9C in enantiomerically pure form. 
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0 B? n H? H 

™ X « pA*> Ph A, 



Ph 

47Ca,47Cb 48Ca,48Cb 49Ca,49Cb 



51C 



H OMs R ^^^ R1 




50C 



52C 9C: (2S,2'S): R1 = ortho-CF3 

Scheme 6C 



Preparation of Compounds of Formula (U» 

5 Compounds of formula (ID) may be prepared using the following methods. 

General schemes outlining the synthetic routes used to prepare racemic products are 
given below. All active racemates may be separated into single enantiomers using chiral 
HPLC and may be readily converted into suitable salts. 

Compounds of formula (ID) wherein Ar is (i) and R 2c is H may be prepared as 
1 0 shown in Scheme ID below: 
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Scheme ID 

Quinolin-2-one ID or its corresponding 4-oxo and 4-thio derivatives can be N- 
arylated using modified conditions to those reported by Buchwald, (J. Am. Chenu Soc, 
123, 2001, p. 7727). For example the quinolin-2-one ID is reacted with 3 equivalents of 
Ar-Br wherein Ar is (i) and R 20 is H, 0.2 equivalents of trans-cyclohexanediamine, 0.2 
equivalent of copper iodide (CuT), 2.1 equivalents of potassium carbonate (KjCO^, in an 
organic solvent such as 1,4-dioxane at a temperature of 125°C overnight. The resulting N- 
arylated quinolin-2-one 2D can be alkylated by treatment with a strong base such as 
lithium hexamethyldisilazide (LiHMDS) at temperatures of -78°C in a suitable organic 
solvent such as tetrahydrofiiran (THF), followed by the addition of an alkyl halide such 
as alkyl iodide to give the corresponding 3-alkylated-N-arylated quinolin-2-one 
derivative 3D. Using the same alkylating conditions above with a 1,2-dihaloethane, such 
as 1 -bromo-2-chloroethane, or a 1,3-dihalopropane, such as l-bromo-3-chloropropane, as 
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alkylating agents provides 4D or 5D wherein n is 2 or 3 respectively. These halo 
analogues were chosen as ideal precursors to the desired amine products. For instance, 
treatment of 4D or 5D with aqueous methylamine, in the presence of a catalytic amount 
of a suitable iodide, such as potassium iodide (KE), in ethanol at 100°C provided the 
racemic amine products 6D and 7D respectively, in moderate yields. 

Compounds of formula (ID) wherein Ar is (i), R 2c is H and n is 3 may be prepared 
using alternative chemistry as shown in Scheme 2D. 




Scheme 2D 



Quinolin-2-ones 2D and 3D can be alkylated using the aforementioned alkylating 
procedure using an allyl halide e.g. allyl bromide as the alkylating agent to give the 
corresponding 3-allyl-N-arylated-quinolin-2-ones 11D. Said allyl analogues could then be 
converted to the corresponding primary alcohols 12D by a hydroboration procedure 
involving a suitable borane, such as 9-BBN in a suitable solvent such as THF. Oxidative 
work up using for example reaction conditions such as aqueous hydrogen peroxide in a 
solvent such as ethanol, in the presence of a suitable base, such as sodium hydroxide, 
gave moderate to good yields of alcohol products after column chromatography 
purification. The alcohols were cleanly converted into their mesylates, by reaction of a 
mesyl halide such as mesyl chloride in the presence of a suitable base such as 
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triethylamine in a suitable solvent such as THF at a suitable temperature such as 0°C to 
room temperature. The resulting mesylates are used directly in the animation step 
described above in Scheme ID to provide good yields of the final racemic targets 13D. 

In order to prepare a range of N-arylated analogues advanced intermediates were 
prepared that could undergo N-arylations with a range of substituted aryl halides, such as 
aryl bromides or iodides, 2 and 3-halothiophenes, 2 and 3-halofiirans or 2 and 3- 
halopyrroles. The synthetic route used to prepare intermediates 19D is shown below in 
Scheme 3D. 




Scheme 3D 

Compounds of formula (ID) wherein n is 3 may be prepared as shown in Scheme 
3D. This method is particularly suitable for compounds wherein Ar is (i) and R 20 is H or 
Ar is (ii), wherein -Y- is -S-. 
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Quinolin-2-one ID can be protected using a suitable amide-protecting group such 
as those described in T.W. Greene, "Protective Groups in Organic Synthesis", John Wiley 
and Sons, New York, N.Y., 1991, hereafter referred to as "Greene". For example 
quinolin-2-one ID can be protected with a 4-methoxybenzyl group. The protection 
reaction can be carried out for example using a suitable base, such as sodium hydride in a 
suitable solvent, such as dimethylformamide, followed by reaction with a 4- 
methoxybenzyl halide, such as 4-methoxybenzyl chloride, to give the corresponding N- 
protected derivative 14D in good yield. This intermediate can be converted directly to 
the allyl analogue 16Da, wherein R 1 = H, in a manner described earlier or converted into 
the alkyl analogue 15D which can be subsequently alkylated with a allyl halide to give 
the allyl analogue 16Db, wherein R 1 is C r C 4 alkyl. Using the same hydroboration, 
mesylation and amination sequence described in Scheme 2D provided both amines 
18Da-b. Deprotectiori of protected quinolin-2-one could be achieved using any suitable 
deprotection conditions as those shown in Greene. For example, the 4-methoxybenzyl 
group could be cleaved cleanly using trifluoroacetic acid and anisole at 65°C. The 
resultant product could be selectively protected on the secondary amine with a suitable 
nitrogen protecting group as those described in Greene. For example, the secondary 
amine can be protected with a Boc group. The reaction can be carried out with Boc 
anhydride in a suitable solvent such as THF to provide multi gram quantities of 19Da-b. 
Reaction of 19Da-b with various aryl bromides using the previously described N- 
arylation conditions, deprotection using suitable deprotecting conditions such as those 
described in Greene gave a range of final racemic targets 21Da-b or 22Da-b. For 
example, for compounds protected with a Boc group they can be deprotected in the 
presence of trifluoroacetic acid (TFA) in a suitable organic solvent such as 
dichoromethane (DCM). 

Intermediates 19Da-b wherein R 3 is a halo group, for example chloro or bromo, 
can be used to provide compounds of formula (ID) wherein R 3 is a phenyl group, such as 
compound 24D, via a Suzuki coupling, see Scheme 4D below. 
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Ar 

24D 

Scheme 4D 



Intermediates 19Da-b, wherein R 3 is for example bromo can be N-protected with 
a suitable amide protecting group for example 4-methoxybenzyl as described in Scheme 
5 3D above and then coupled with phenylboronic acid under Suzuki conditions to provide 

the phenyl analogues 23D. Deprotection of the 4-methoxybenzyl group with TFA, 
followed by protection of the resulting secondary amine with a suitable nitrogen 
protecting group such as Boc followed by subsequent N-arylation and Boc deprotection 
using the previously described methodology gave the final target 24D. 

10 It will be appreciated that compounds of formula (IDa) wherein R 3 is bromo or 

chloro can be prepared as shown in Schemes ID to 4D above starting from the 
corresponding haloquinolin-2-ones. Alternatively, they can be prepared from the 
corresponding quinolin-2-one ID wherein R 3 is hydrogen as mentioned above including 
an extra step comprising the halogenation of a suitable intermediate at some stage of the 

1 5 synthesis. For example quinolin-2-one ID in Scheme 2D can be halogenated using N- 

cUorosuccinimide in a suitable solvent such as DMF at a suitable temperature such as 
room temperature to give the corresponding 6-chloro-quinolin-2-one ID wherein R 3 is CI. 

Alternatively intermediates (19Da-b) wherein R 3 is H in Scheme 3D can be 
2 0 halogenated in the presence of N-chloro and N-bromosuccinimide in a suitable solvent 

such as DMF to give the corresponding 6-chloro and 6-bromoquinolin-2-ones (20Da-c). 
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20Da-c 

It will be appreciated that Schemes ID to 4D above relate to methods for the 
preparation of compounds of formula (ID) wherein Ar is (i) and R 20 is hydrogen. 
Compounds of formula (ID) wherein Ar is (i) and R* can be other than hydrogen, can be 
5 prepared using any of the general methods mentioned above, starting from the 

corresponding N-arylated quinolin-2-one 27D. A general method for preparing said 
intermediates is illustrated in Scheme 5D. Commercially available 3-(2-Bromo-phenyl)- 
propionic acids 25D can be converted to amide 26D using standard amide coupling . 
conditions and converted to the N-arylated quinolin-2-ones 27D by an intramolecular, 
1 0 palladium catalysed cyclisation according to the method of Buchwald et al (Tetrahedron, 

1996, 52, p. 7525). 




Scheme 5D 



15 



Preparation of Compounds of Formula (EE) 
Compounds of formula (BE) may be prepared by conventional organic chemistry 
techniques and also by solid phase synthesis. Compounds of formula (IE) can be 
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prepared via the 3-aminopyrrolidine intermediate of formula (TVE) as illustrated in the 
Scheme IE below: 




Scheme IE 

Commercially available 3-hydroxypyrrolidine of formula (IDE) wherein R 2 is 
hydrogen, can be protected using a suitable nitrogen-protecting group such as those 
described in T.W. Greene, "Protective Groups in Organic Synthesis", John Wiley and 
Sons, New York, N.Y., 1991, hereafter referred to as "Greene". For example 3-R- 
hydroxypyrrolidine (HOB) can be protected with a tert-butoxycarbonyl group, (boc). The 
protection reaction can be carried out for example using Boc anhydride in a suitable 
solvent such as for example tetrahydrofuran (THF) or dichloromethane (DCM) in the 
presence of a base such as tryethylamine (TEA) or 4-(dimethylamino)pyridine (DMAP). 
It will be appreciated that for compounds of formula (IE) wherein R 2 is C r C 2 alkyl, the 3- 
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hydroxypyrrolidine of formula QUE) can be prepared from the readily available. 3- 
pyrrolidinone via addition of the appropriate C1-C2 alkyl organometallic. The hydroxy 
group of the N-protected-3-hydroxypyrrolidine can be converted into a suitable leaving 
group (L) such as for example chloride, bromide, iodide or mesylate. For example the N- 
protected-hydroxypyrrolidine can be converted to the mesylate in the presence of mesyl 
chloride and a suitable base such as triethylamine in a solvent such as DCM. Said 
mesylate is subsequently displaced with the corresponding azide in a suitable solvent 
such as dimethylformamide (DMF) or dimethylsulphoxide (DMSO). This azide 
intermediate can be converted to the corresponding N-protected-aminopyrrohdine of 
formula (IVE) via hydrogenation in the presence of a suitable catalyst such as Palladium 
on charcoal and in a suitable solvent such as methanol or ethanol. 

For compounds of formula (IE) wherein R 4 is H, intermediate (IVE) can be 
alkylated via reductive alkylation with a ketone of formula R 3 -CO-Ar, wherein R 3 and Ai l 
have the values for formula (IE) above. The reductive alkylation can be carried out for 
example as a hydrogenation reaction in the presence of a suitable catalyst such as 
Palladium on charcoal and a suitable solvent such as for example ethanol. Alternatively, 
said reductive alkylation can be carried out in the presence of a suitable borane such as 
sodium triacetoxyborohydride, NaBH(OAc) 3 and optionally in the presence of a suitable 
acid such as acetic acid, in a suitable solvent such as for example dichoroethane (DCE). 

Alternatively, intermediate of formula (VE) wherein R 4 is H can be prepared as 
shown in Scheme 2E below by reductive alkylation of readily available 3- 
aminopyrrolidine of formula (VIE) wherein R 2 has the values defined for formula (IE) 
above, followed by the protection of the nitrogen in the pyrrolidine ring using a suitable 
protecting group such as those defined in Greene. 




H H p 

(VIE) (VEE) (VE) 



Scheme 2E 

For example the reductive alkylation can be carried out in the presence of a ketone 
of formula Ar r CO-R 3 wherein Ar, and R 3 have the values defined for formula (EE) above. 
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Initial condensation of the amino pyrrolidine with the ketone is undertaken in the 
presence of a suitable acid such as p-toluenesulphonic acid, in a suitable solvent such as 
toluene. The resultant imino pyrrolidine intermediate can then be protected with for 
example a boc group. The reaction can be carried out in the presence of boc anhydride 
5 and a suitable base such as DMAP, in a suitable solvent such as DCM. Said imine is 

reduced via hydrogenation in the presence of a suitable catalyst such as palladium on 
charcoal, in a suitable solvent such as ethanol to give the corresponding amine of formula 
(VE). 

Intermediate of formula (VE) can be converted to compounds of formula (VHIE) 
1 0 via reductive alkylation with an aldehyde of formula R 9 -CHO, wherein R 9 is chosen such 

that R 9 -CH2 = R 1 and R 1 has the values defined for formula (IE) above. The reductive 
alkylation can be carried out using standard methods, for instance as those mentioned 
above with the ketone Ar,-CO-R 3 . 





15 (VE) (VHIE) 

Scheme 3E 

For example a compound of formula (VE) can be alkylated with R 9 -CHO in the 
presence of a suitable borane, such as NaBH(OAc) 3 , optionally in the presence of an acid 
such as acetic acid, in the presence of a suitable solvent such as dichloroethane (DCE). 

2 0 For compounds of formula (IE) wherein R 3 and R 4 are hydrogen the alkylation of 

intermediate (VE) can be carried out with a compound of formula A^CKJ^ wherein 1^ is 
a suitable leaving group such as chloro, bromo, iodo or mesylate, in the presence of a 
suitable base such as potassium carbonate and a suitable solvent such as acetonitrile, to 
give the corresponding intermediate of formula (VDDE) a . It will be appreciated that the 

2 5 same reaction can be carried out using Arj-CR^-L, wherein R 3 and R 4 are C r C 2 alkyl. 
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(VE) (VHIE) a 
Scheme 4E 

Compounds of formula (IE) wherein R is -CH 2 -COO-(C 1 -C 2 alkyl) can be 
prepared by reacting intermediate (VE) with a compound of formula L 2 -CH 2 -COO-(C i -C 2 
alkyl) wherein L 2 is a suitable leaving group such as for example bromo* chloro or iodo. 
Said reaction can be carried out in the presence of a suitable base such as sodium hydride, 
in a suitable solvent such as dimethylfonnamide. 

C0 2 Me 





(VE) (VmE) b 
Scheme 5E 

Compounds of formula (IE) wherein R 1 is -<CH 2 ) ni -CF 3 can be prepared by 
reacting intermediate (VE) with a compound of formula HOOC-(CH 2 ) m -CF 3 , wherein m, 

is 0, 1 or 2. The acid may be activated as its anhydride or acyl chloride, and is reacted in 
the presence of a suitable base such as triethylamine and a catalytic amount of DMAP, in 
a suitable solvent such as DCM. The resulting amide can be reduced to the amine of 
formula (VIIIE) c in the presence of a suitable borane. For example, for compounds 
wherein m is 1, the reduction can be carried out in the presence of BH3-Me 2 S borane- 
dimethyl sulphide complex, in a suitable solvent such as THF. 



WO 2005/060949 



PCTAJS2004/038221 




(VE) (VIIIE) c 

Scheme 6E 

Compounds of formula (IE) wherein R 1 is -(C r C 6 alkylene)-OH can be prepared 
by reacting intermediate (VE) with an epoxide. For example for compounds wherein R l 
is -CH^QCIi^-OH, the intermediate of formula (VE) is reacted with 2,2- 
dimethyloxirane, in a suitable solvent such as aqueous ethanol. 




CH 



^CH 3 



3 




(VE) (VHIE) d 
Scheme 7E 

Alternatively compounds of formula (IE) wherein R 1 is -(Cj-Cgalkylene^OH 
can be prepared by reacting intermediate (VE) with an w-haloalkanoate, such as 
methylbromoacetate, in the presence of a base such a sodium hydrogen carbonate in a 
solvent such as acetonitrile. The intermediate ester is then reacted with 2 equivalents of 
methyl magnesium bromide in THF to yield the tertiary alcohol(VHIE) d : 



rr ^c Ar ' . Hr^ Ar ' 

— - y r r4 v -A- 

p i 
r p 

(VE) (VTTTP.) u 

Scheme 8E 
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It will be appreciated that the Scheme 8E above applies to alkylene chains longer 
than -CIV- 

Compounds of formula (IE) wherein R is -C 2 -C 6 alkenyl, -(CH 2 ) n -S-(C 1 -C 3 alkyl), 
-(C r C s alkylene)-0-(C r C 3 alkyl), -(C.-C, alkylene)-C-(C 3 -C 6 cycloalkyl), -(C.-C, 
alkyleneVSO.-CC.-C, alkyl), -(C r C s alkylene)-OCF 3 , or -(C r C 5 alkylene)-CN, can be) 
prepared via alkylation of intermediate (VE) with a compound of formula L 2 -C 2 -C 6 
alkenyl, L^CH^-SKC.-C, alkyl), L 2 -(C r C s alkylene)-0-(C r C 3 alkyl), L 2 -(C,-C 5 
alkylene)-0-(C 3 -C 6 cycloalkyl), I^-(C r C s alkylene)-S0 2 -(C r C 3 alkyl), L 2 -(C r C s 
alkylene)-OCF 3 , or Lj-^-C., alkylene)-CN respectively, wherein Lj is a suitable leaving 
group such as chloro, bromo, iodo or mesylate, in the presence of a suitable base such as 
potassium carbonate and a suitable solvent such as acetonitrile, to give the corresponding 
intermediate of formula (VHIE) e . 




(VE) (VmE) e 
Scheme 9E 

Compounds of formula (IE).wherein R is a group of formula (i) can be prepared 
using the synthesis illustrated in Scheme 10E for compounds wherein R is 4- 
tetrahydropyranyl. The compound of formula (TVE) can be alkylated via reductive 
alkylation using standard methods, as those mentioned above with the ketone Ar r CO-R 3 . 
For example compound of formula (TVE) can be alkylated with 4-tetrahydropyranone in 
the presence of a suitable borane, such as sodium borohydride or NaBH(OAc) 3 , 
optionally in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated with a 
compound of formula Ax l CHJu l wherein L, x is a suitable leaving group such as chloro, 
bromo, iodo or mesylate, in the presence of a suitable base such as potassium carbonate 
and a suitable solvent such as acetonitrile, to give the corresponding intermediate of 
formula (VULUti) r It will be appreciated that as mentioned above the same reaction can be 
carried out using Ar r CR 3 R 4 -L 1 wherein R 3 and R 4 are C r C 2 alkyl. 
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(IVE) (VmE) f 

Scheme 10E 

It will be appreciated that for compounds of formula (BE) wherein R is a group of 
formula (i) and r is 1 then the reductive animation can be carried out using the same 
reaction conditions but using the corresponding homologous aldehyde of formula 




H 

instead of the corresponding 4-tetrahydropyranone. Alternatively, compounds of formula 
(IE) wherein R l is a group of formula (i) and r is 1 can be prepared via formation of an 
1 0 amide, followed by reduction of this amide bond to the corresponding amine as shown in 

Scheme HE below: 

R 2 





(VHEE) g 
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Scheme HE 

The coupling reaction can be carried out using standard methods known in the art. 
The reduction of the amide bond can also be carried by general methods known in the art 
for example using the same reduction conditions as those used in Scheme 6, such as in 
the presence of BH3-Me 2 S (borane-dimethyl sulphide complex), in a suitable solvent such 
asTHF. 

Alternatively, compounds of formula (D3) wherein R is a group of formula (i) 
wherein r is 0 can be prepared by a process illustrated in Scheme 12E for compounds 
wherein -Z is hydrogen, s isl, t is 2, each R5 R.6 r 7 R 8 m hydrogen and -X- is - 

O-, (i.e. R is 2-tetrahydrofuranyl). The compound of formula (TVE) can be alkylated with 
a compound of formula: 




wherein L 4 is a suitable leaving group such as chloro, bromo, iodo, mesylate or tosylate, 
in the presence of a suitable base such as potassium carbonate and a suitable solvent such 
as acetonitrile, to give the corresponding secondary amine which can be subsequently 
alkylated with a compound of formula Ar.CHL, wherein L, is a suitable leaving group 
such as chloro, bromo, iodo or mesylate, in the presence of a suitable base such as 
potassium carbonate and a suitable solvent such as acetonitrile, to give the corresponding 
intermediate of formula (VmE) r It wiU be appreciated that as mentioned above the same 
reaction can be carried out using Ar,-CR S R 4 -L 1 wherein R 3 and R 4 are C r C 2 alkyl. 




OVE) (Vm) h 

Scheme 12E 
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The tetrahydrofuranyl intermediates can be prepared from the corresponding 3- 
hydroxytetrahydrofuran, wherein the hydroxy group is converted into the leaving group 
using standard methods. 

Compounds of formula (IE) wherein R is a group of formula (i) and -X- is -S0 2 - 
can be prepared from the corresponding intermediates (VUJ±S) r wherein the thioether is 
oxidized to the corresponding sulphoxide as shown in Scheme 13E below: 




P P 

(VfflE) f (vbdex 



Scheme 13E 

Compounds of formula (IE) wherein R 1 is a group of formula (ii) can be prepared 
using the synthesis illustrated in Scheme 14E for compounds wherein R 1 is 
oxabicyc!o[3,2,l]octan-3-yl. The compound of formula (EVE) can be alkylated via 
reductive alkylation using standard methods, as those mentioned above with the ketone 
Ar,-CO-R 3 . For example compound of formula (IVE) can be alkylated with 
oxabicyclo[3,2,l]octan-3-one in the presence of a suitable borane, such as sodium 
borohydride or NaBH(OAc) 3 , optionally in the presence of an acid such as acetic acid, in 
the presence of a suitable solvent such as dichloroethane (DCE). Then, the secondary 
amine can be alkylated with a compound of formula Ar l CH^L l wherein L, is a suitable 
leaving group such as chloro, bromo, iodo or mesylate, in the presence of a suitable base 
such as potassium carbonate and a suitable solvent such as acetonitrile, to give the 
corresponding intermediate of formula (VTEDB),. It will be appreciated that as mentioned 
above the same reaction can be carried out using Ar 1 -CR 3 R 4 -L 1 wherein R 3 and R 4 are C r 
C 2 alkyl. 
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(TVE) (VH3E). 

Scheme 14E 

The oxabicyclo[3,2,l]octan-3-one intermediate is prepared according to the 
method described in A E Hill, G Greenwood and H M R Hoffmann JACS 1973, 95, 

1338. It will be appreciated that for compounds of formula (IE) wherein R 1 is a group of 
formula (i) and r is 1 then the reductive amination can be carried out using the same 
reaction conditions but using the corresponding homologous aldehyde of formula 




instead of the corresponding oxabicyclo[3,2, l]octan-3-one. a 

Compounds of formula (IE) wherein Ar x is a substituted or unsubstituted pyridyl 

group can be prepared by a process illustrated in Scheme 15E for compounds wherein R 

4 

and R are hydrogen and Ar^ is 3-phenylpyrid-2-yl. 




(TVE) (VmE) k 

Scheme 15E 
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The compound of formula (IVE) can be alkylated via reductive alkylation using 
standard methods, as those mentioned above with the ketone Ar r CO-R 3 . For example 
compound of formula (TVE) can be alkylated with an aldehyde of formula: 




in the presence of a suitable borane, such as sodium borohydride or NaBH(OAc) 3 , 
optionally in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated using 
the geheral methods described above for the incorporation of R 1 . The intermediate 
aldehyde can be prepared via reduction of readily available methyl 3-phenyl picolinate to 
the corresponding alcohol and subsequent oxidation to the aldehyde as shown in Scheme 
16E below. 




O 

Scheme 16E 



The reduction step can be carried out in the presence of a suitable reducing agent 
such as lithium borohydride in a suitable solvent such as tetrahydrofuran. The oxidation 
to the aldehyde can be carried out under Swem conditions such as oxalyl chloride and 
DMSO in DCM. 

Compounds of formula (IE) wherein ATj is a substituted or unsubstituted phenyl 
group can be prepared by a process illustrated in Scheme 17E for compounds wherein R 
and R 4 are hydrogen and Ai x is 2-(3-pyridyl)phenyL 
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OVE) (vnmx 

Scheme 17E 

The compound of formula (TVE) can be alkylated via reductive alkylation using 
standard methods, as those mentioned above with the ketone Ar r CO-R 3 . For example 
compound of formula (TVE) can be alkylated with an aldehyde of formula: 




o 



in the presence of a suitable borane, such as sodium borohydride or NaBH(OAc) 3 , 
optionally in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated using 
the general methods described above for the incorporation of R\ The intermediate 
aldehyde can be prepared from the commercially available 2-formyl phenyl boronic acid 
via palladium coupling in the presence of 3-bromopyridine, a suitable palladium catalyst 
such as PdCPPhjX and a suitable base such as potassium carbonate in a suitable solvent 
such as acetonitrile, as shown in Scheme 18E below. 




Scheme 18E 

Compounds of formula (IE) wherein Ar, is a phenyl group substituted with a 1- 
pyrazole group can be prepared by a process illustrated in Scheme 19E. 
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(vmE) ra . (vmE) m 

Scheme 19E 

The pyrazole group can be incorporated by reacting a compound of formula 
(VmE) m , wherein L 5 is a suitable leaving group such as bromo, chloro or iodo, with 
pyrazole in the presence of a suitable base such as potassium carbonate and a catalytic 
amount of copper iodide in a suitable solvent such as for example DMF. The compound 
of formula (VTTTH) m . can be prepared by any of the methods mentioned above for 
compounds wherein Arl is a phenyl group substituted with a halogen atom such as 
chloro, bromo or iodo. 

It will be appreciated that any of the intermediates (VIIIE), (VIIIE) a . m are then 
deprotected using suitable deprotecting conditions such as those discussed in Greene, to 
give the corresponding compounds of formula (IE). For example if the protecting group is 
a boc group, the deprotection reaction can be carried out in trifluoroacetic acid in a 
suitable solvent such as DCM. Alternatively the reaction can be carried out in ethanolic 
hydrochloric acid. 




BOC H 

(IE) 

Scheme 20E 

Compounds of formula (IE) wherein R 3 and R 4 are both hydrogen may also be 
prepared by solid phase synthesis by the route shown below in Scheme 21E below. 
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O F F 



R 4 



Scheme 21E 

The sequence is preferably performed on a polystyrene resin. The process may be 
run in a combinatorial fashion such that all possible compounds from sets of precursors 
ArjCHO and R 9 CHO may be prepared, wherein R 9 is chosen such that R^-CHj = R\ and 
R 1 and Ar, have the values defined above for formula (IE). The sequence is performed 
without characterisation of the resin-bound intermediates. In step (i) 3- 
trifluoroacetamido-pyrrolidine is bound to a solid support by reaction with 4-nitrophenyl 
carbonate activated polystyrene resin in the presence of a base, such as N,N- 
diisopropylethylamine, in a solvent such as DMF. In step (ii), the trifluoroacetamido 
protecting group is cleaved by hydrolysis with a base such as aqueous lithium hydroxide. 
In step (iii) the primary amine is then condensed with a substituted benzaldehyde in the 
presence of a dehydrating agent, such as trimethylorthoformate, to form the intermediate 
imine. In step (iv) the imine is reduced with a borane reducing agent, such as sodium 
cyanoborohydride, in a solvent such as DMF, containing acetic acid. In step (v) the 
resultant secondary amine is then reductively alkylated with an aldehyde in the presence 
of a reducing agent such as sodium triacetoxyborohydride in a solvent, such as DMF. In 
step (vi) the desired product is finally cleaved from the resin with acid, such as aqueous 
trifluoroacetic acid. 



Preparation of Compounds of Formula (IF) 

Compounds of formula (IF) may be prepared by conventional organic chemistry 
techniques and also by solid phase synthesis. 
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Compounds of formula (IF') can be prepared by the general methods illustrated 
below. It will be appreciated that the same methods can be used for compounds of 
formula (IF") with the only difference that the nitrogen atom of the quinuclidines does 
not need to be protected as it is already a tertiary amine as it is explained in more detail 
below with reference to Scheme IF. 

Compounds of formula (IF*) can be prepared via the 3-aminopiperidine 
intermediate of formula (TVF) as illustrated in Scheme IF below: 




Commercially available 3-hydroxypiperidine of formula (TTTF) wherein R 2 is 
hydrogen, can be protected using a suitable nitrogen-protecting group such as those 
described in T.W. Greene, "Protective Groups in Organic Synthesis", John Wiley and 
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Sons, New York, N.Y., 1991, hereafter referred to as "Greene". For example 3-#- 
hydroxypiperidine (IDF) can be protected with a tert-butoxycarbonyl group, (boc). The 
protection reaction can be carried out for example using Boc anhydride in a suitable 
solvent such as for example tetrahydrofuran (THF) or dichloromethane (DCM) in the 
5 presence of a base such as triethylamine (TEA) or 4-(dimethylamino)pyridine (DMAP). It 

will be appreciated that for compounds of formula (IF) wherein R 2 is C r C 2 alkyl, the 3- 
hydroxypiperidine of formula (JLLUh) can be prepared from the readily available 3- 
pyrrolidinone via addition of the appropriate C1-C2 alkyl organometallic. 
The hydroxy group of the N-protected-3-hydroxypiperidine can be converted into a 

10 suitable leaving group (L) such as for example chloride, bromide, iodide or mesylate. For 

example the N-protected-hydroxypiperidine can be converted to the mesylate in the 
presence of mesyl chloride and a suitable base such as triethylamine in a solvent such as 
DCM. Said mesylate is subsequently displaced with the corresponding azide in a suitable 
solvent such as dimethylformamide (DMF) or dimethylsulphoxide (DMSO). This azide 

15 intermediate can be converted to the corresponding N-protected-aminopiperidine of 

formula (IV) via hydrogenation in the presence of a suitable catalyst such as Palladium on 
charcoal and in a suitable solvent such as methanol or ethanol. 

For compounds of formula (IF) wherein R 4 is H, intermediate (IVF) can be 
alkylated via reductive alkylation with a ketone of formula R 3 -CO-Ar, wherein R 3 and Ax 1 

2 0 have the values for formula (IF) above. The reductive alkylation can be carried out for 

example as a hydrogenation reaction in the presence of a suitable catalyst such as 
Palladium on charcoal and a suitable solvent such as for example ethanol. Alternatively, 
said reductive alkylation can be carried out in the presence of a suitable borane such as 
sodium triacetoxyborohydride, NaBH(OAc) 3 and optionally in the presence of a suitable 

2 5 acid such as acetic acid, in a suitable solvent such as for example dichoroethane (DCE). 

Alternatively, intermediate of formula (VF) wherein R 4 is H can be prepared as 
shown in Scheme 2F below by reductive alkylation of readily available 3- 
aminopiperidine of formula (VTF) wherein R 2 has the values defined for formula (IF) 
above, followed by the protection of the nitrogen in the piperidine ring using a suitable 

3 0 protecting group such as those defined in Greene. 
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Scheme 2F 

For example the reductive alkylation can be carried out in the presence of a ketone 
of formula Ar r CO-R 3 wherein Ar, and R 3 have the values defined for formula (IF) above. 
Initial condensation of the amino piperidine with the ketone is undertaken in the presence 
of a suitable acid such as p-toluenesulphonic acid, in a suitable solvent such as toluene. 
The resultant imino piperidine intermediate can then be protected with for example a boc 
group. The reaction can be carried out in the presence of boc anhydride and a suitable 
base such as DMAP, in a suitable solvent such as DCM. Said imine is reduced via 
hydrogenation in the presence of a suitable catalyst such as palladium on charcoal, in a 
suitable solvent such as ethanol to give the corresponding amine of formula (VF). 

Intermediate of formula (VF) can be converted to compounds of formula (VTTTF) 
via reductive alkylation with an aldehyde of formula R 9 -CHO, wherein R 9 is chosen such 
that R'-CHj as R 1 and R 1 has the values defined for formula (IF) above. The reductive 
alkylation can be carried out using standard methods, for instance as those mentioned 
above with the ketone Ar r CO-R 3 . 
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Scheme 3F 

For example a compound of formula (VF) can be alkylated with R 9 -CHO in the 
presence of a suitable borane, such as NaBH(OAc) 3 , optionally in the presence of an acid 
such as acetic acid, in the presence of a suitable solvent such as dichloroethane (DCE). 

For compounds of formula (IF) wherein R 3 and R 4 are hydrogen the alkylation of 
intermediate (VF) can be carried out with a compound of formula ATjCHjL, wherein Lj is 
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a suitable leaving group such as chloro, bromo, iodo or mesylate, in the presence of a 
suitable base such as potassium carbonate and a suitable solvent such as acetonitrile, to 
give the corresponding intermediate of formula (VIIIF) a . It will be appreciated that the 
same reaction can be carried out using Ar,-CR 3 R 4 -L ] wherein R 3 and R 4 are C,-C 2 alkyl. 
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Scheme 4F 



Compounds of formula (IF) wherein R is -CH,-COO-(C r C 2 alkyl) can be 
prepared by reacting intermediate (VF) with a compound of formula Lj-CH^COCMC-Q 
alkyl) wherein L 2 is a suitable leaving group such as for example bromo, chloro or iodo. 
Said reaction can be carried out in the presence of a suitable base such as sodium hydride, 
in a suitable solvent such as dimethylformamide. 

r-,2 




N 
I 

P 

(VF) 



H 

rA< 




r 



CO z Me 



N 
I 

P 



r^V 



(vmF) b 



Scheme 5F 

Compounds of formula (IF) wherein R 1 is -(CH 2 ) fn -CF 3 can be prepared by 
reacting intermediate (VF) with a compound of formula HOOC-(CH 2 ) (m _ ir CF 3 . The acid 
may be activated as its anhydride or acyl chloride, and is reacted in the presence of a 
suitable base such as triethylamine and a catalytic amount of DMAP, in a suitable solvent 
such as DCM. The resulting amide can be reduced to the amine of formula (VTTTF) c in the 
presence of a suitable borane. For example, for compounds wherein m is 1, the reduction 
can be carried out in the presence of BH3-Me 2 S borane-dimethyl sulphide complex, in a 
suitable solvent such as THF. 
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Scheme 6F 

Compounds of formula (IF) wherein R 1 is -(C,-C 6 alkylene)-OH can be prepared 
'by reacting intermediate (VF) with an epoxide. For example for compounds wherein R 1 
is -CHj-C^H^j-OH, the intermediate of formula (VF) is reacted with 2,2- 
dimethyloxirane, in a suitable solvent such as aqueous ethanol. 
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Scheme 7F 

Alternatively compounds of formula (IF) wherein R 1 is -(Ci-C6alkylene)-OH 
can be prepared by reacting intermediate (VF) with an 6-haloalkanoate, such as 
methylbromoacetate, in the presence of a base such a sodium hydrogen carbonate in a 
solvent such as acetonitrile. The intermediate ester is then reacted with 2 equivalents of 
methyl magnesium bromide in THF to yield the tertiary alcohol(VmF) d : 
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It will be appreciated that the Scheme 8F above applies to alkylene chains longer 
than -CHj-. 

Compounds of formula (IF) wherein R is -C 2 -C 6 alkenyl, -(GH a ),-S-(C I -C s alkyl), 
-(C,-C 5 alkylene)-0-(C r C 3 alkyl), <C r C s alkylene)-0-(C 3 -C 6 cycloalkyl), -(C,-C 5 
alkylene)-S0 2 -(C,-C 3 alkyl), -(C r C 5 alkylene)-OCF 3 , or -(C,-C 5 aIkylene)-CN, can be 
prepared via alkylation of intermediate (VF) with a compound of formula L 2 -C 2 -C 6 
alkenyl, L 2 -(CH 2 ) 0 -S-(C 1 -C 3 alkyl), L 2 -(C,-C 5 alkylene)-0-(C r C 3 alkyl), ^-(C.-C, 
alkyleneK^-C, cycloalkyl), l^-(C r C s alkylene^SCy^-C, alkyl), L.-CC.-C, 
alkylene)-OCF 3 , or Lj-CC.-Cj alkylene)-CN respectively, wherein L 2 is a suitable leaving 
group such as chloro, bromo, iodo or mesylate, in the presence of a suitable base such as 
potassium carbonate and a suitable solvent such as acetonitrile, to give the corresponding 
intermediate of formula (VmF) e . 




P P 

(VF) (vmF) e 
Scheme 9F 



Compounds of formula (IF) wherein R* is a group of formula (i) can be prepared 
using the synthesis illustrated in Scheme 10F for compounds wherein R* is 4- 
tetrahydropyranyl. The compound of formula (IVF) can be alkylated via reductive 
alkylation using standard methods, as those mentioned above with the ketone Ar,-CO-R 3 . 
For example a compound of formula (IVF) can be alkylated with 4-tetrahydropyranone in 
the presence of a suitable borane, such as sodium borohydride or NaBH(OAc) 3 , 
optionally in the presence of an acid such as acetic" acid, in the presence of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated with a 
compound of formula ATjCHjL, wherein L, is a suitable leaving group such as chloro, 
bromo, iodo or mesylate, in the presence of a suitable base such as potassium carbonate 
and a suitable solvent such as acetonitrile, to give the corresponding intermediate of 
formula (VUIF) r It will be appreciated that as mentioned above the same reaction can be 
carried out using Ar.-CR^-L, wherein R 3 and R 4 are C,-C 2 alkyl. 
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(ivf) (vmF) f 

Scheme 10F 

It will be appreciated that for compounds of formula (IF) wherein R is a group of 
5 formula (i) and r is 1 then the reductive amination can be carried out using the same 

reaction conditions but using the corresponding homologous aldehyde of formula 




H 



instead of the corresponding 4-tetrahydropyranone. Alternatively, compounds of formula 
(IF) wherein R is a group of formula (i) and r is 1 can be prepared via formation of an 
1 0 amide, followed by reduction of this amide bond to the corresponding amine as shown in 

Scheme 11F below: 
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Scheme 11F 



The coupling reaction can be carried out using standard methods known in the art. 
The reduction of the amide bond can also be carried out by general methods known in the 
art for example using the same reduction conditions as those used in Scheme 6F, such as 
in the presence of BH3-Me 2 S (borane-dimethyl sulphide complex), in a suitable solvent 
such as THF. 

Alternatively, compounds of formula (IF) wherein R is a group of formula (i) 
wherein r is 0 can be prepared by a process illustrated in Scheme 12F for compounds 
wherein -Z is hydrogen, s isl, t is 2, each R 5 , R 6 , R 7 and R 8 are hydrogen and -X- is - 
O-, (i.e. R 1 is tetxahydrofuran-3-yl). The compound of formula (TVF) can be alkylated 
with a compound of formula: 



wherein L 4 is a suitable leaving group such as chloro, bromo, iodo, mesylate or tosylate, 
in the presence of a suitable base such as potassium carbonate and a suitable solvent such 
as acetonitrile, to give the corresponding secondary amine which can be subsequently 
alkylated with a compound of formula Ar J CH 2 L 1 wherein L x is a suitable leaving group 
such as chloro, bromo, iodo or mesylate, in the presence of a suitable base such as 
potassium carbonate and a suitable solvent such as acetonitrile, to give the corresponding 
intermediate of formula (VTHF) r It will be appreciated that as mentioned above the same 
reaction can be carried out using ATj-CR^-L, wherein R 3 and R 4 are C r C 2 alkyl. 



Scheme 12F 

The tetrahydrofuranyl intermediates can be prepared from the corresponding 3- 
hydroxytetrahydrofuran, wherein the hydroxy group is converted into the leaving group 
using standard methods. 
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Compounds of formula (IF) wherein R is a group of formula (i) and -X- is -S0 2 
can be prepared from the corresponding intermediates (VIIIF) f wherein the thioether is 
oxidized to the corresponding sulphoxide as shown in Scheme 13F below: 
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(vmF) f 
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Scheme 13F 

Compounds of formula (IF) wherein R 1 is a group of formula (ii) can be prepared 
using the synthesis illustrated in Scheme 14F for compounds wherein R 1 is 
oxabicyclo[3,2,l]octan-3-yl. The compound of formula (IVF) can be alkylated via 
reductive alkylation using standard methods, as those mentioned above with the ketone 
Ar r CO-R\ For example compound of formula (IVF) can be alkylated with 
oxabicyclo[3,2,l]octan-3-one in the presence of a suitable borane, such as sodium 
borohydride or NaBH(OAc) 3 , optionally in the presence of an acid such as acetic acid, in 
the presence of a suitable solvent such as dichloroethane (DCE). Then, the secondary 
amine can be alkylated with a compound of formula Ar 1 CH 2 L I wherein L 2 is a suitable 
leaving group such as chloro, bromo, iodo or mesylate, in the presence of a suitable base 
such as potassium carbonate and a suitable solvent such as acetonitrile, to give the 
corresponding intermediate of formula (VmF).. It will be appreciated that as mentioned 
above the same reaction can be canied out using Ar r CR 3 R 4 -Lj wherein R 3 and R 4 are C r 
C 2 alkyl. 
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Scheme 14F 

The oxabicyclo[3,2,l]octan-3-one intermediate is prepared according to the 
method described in A E Hill, G Greenwood and H M R Hoffmann J ACS 1973, 95, 
1338. It will be appreciated that for compounds of formula (IF) wherein R is a group of 
formula (i) and r is 1 then the reductive amination can be carried out using the same 
reaction conditions but using the corresponding homologous aldehyde of formula 

-O 




instead of the corresponding oxabicyclo[3,2,l]octan-3-one. 

Compounds of formula (IF) wherein Ax l is a substituted or unsubstituted pyridyl 
group can be prepared by a process illustrated in Scheme 15F for compounds wherein R 

4 

and R are hydrogen and Ar l is 3-phenylpyrid-2-yl. 




(TVF) (vniF) k 

Scheme 15F 

The compound of formula (TVF) can be alkylated via reductive alkylation using 
standard methods, as those mentioned above with the ketone Ar r CO-R 3 . For example 
compound of formula (TVF) can be alkylated with an aldehyde of formula: 
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in the presence of a suitable borane, such as sodium borohydride or NaBH(OAc) 3 , 
optionally in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated using 
the general methods described above for the incorporation of R\ The intermediate 
aldehyde can be prepared via reduction of readily available methyl 3-phenyl picolinate to 
the corresponding alcohol and subsequent oxidation to the aldehyde as shown in Scheme 
16F below. 




O 

Scheme 16F 



The reduction step can be carried out in the presence of a suitable reducing agent 
such as lithium borohydride in a suitable solvent such as tetrahydrofuran. The oxidation 
to the aldehyde can be carried out under Swern conditions such as oxalyl chloride and 
DMSOinDCM. 



Compounds of formula (IF) wherein Ar, is a substituted or unsubstituted phenyl 
group can be prepared by a process illustrated in Scheme 17F for compounds wherein R 

4 • 

and R are hydrogen and Ar f is 2-(3-pyridyl)phenyl. 




(IVF) (VHIF) 1 

Scheme 17F 
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The compound of formula (IVF) can be alkylated via reductive alkylation using 
standard methods, as those mentioned above with the ketone Ar r COR 3 . For example 
compound of formula (IVF) can be alkylated with an aldehyde of formula: 




o 



in the presence of a suitable borane, such as sodium borohydride or NaBH(OAc) 3 , 
optionally in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated using 
the general methods described above for the incorporation of R 1 . The intermediate 
aldehyde can be prepared from the commercially available 2-formyl phenyl boronic acid 
via palladium coupling in the presence of 3-bromopyridine, a suitable palladium catalyst 
such as Pd(PPh3) 4 and a suitable base such as potassium carbonate in a suitable solvent 
such as acetonitrile, as shown in Scheme 18F below. 




Scheme 18F 

Compounds of formula (IF) wherein Ar, is a phenyl group substituted with a 1- 
pyrazole group can be prepared by a process illustrated in Scheme 19F. 




(VmF) m . (VmF) ra 
Scheme 19F 

The pyrazole group can be incorporated by reacting a compound of formula 
(VlJLLJh)^. wherein L 5 is a suitable leaving group such as bromo, chloro or iodo, with 
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pyrazole in the presence of a suitable base such as potassium carbonate and a catalytic 
amount of copper iodide in a suitable solvent such as for example DMF. The compound 
of formula (VmF) m , can be prepared by any of the methods mentioned above for 
compounds wherein Arl is a phenyl group substituted with a halogen atom such as 
chloro, bromo or iodo. 

It will be appreciated that any of the intermediates (VDIF), (VmF)^ are then 
deprotected using suitable deprotecting conditions such as those discussed in Greene, to 
give the corresponding compounds of formula (IF). For example if the protecting group is 
a boc group, the deprotection reaction can be carried out in trifluoroacetic acid in a 
suitable solvent such as DCM. Alternatively the reaction can be carried out in ethanolic 
hydrochloric acid. 




boc 




(IF) 



Scheme 20F 

Compounds of formula (IF) wherein R 3 and R 4 are both hydrogen may also be 
prepared by solid phase synthesis by the route shown below as Scheme 21F. 
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The sequence is preferably performed on a polystyrene resin. The process may be 
run in a combinatorial fashion such that all possible compounds from sets of precursors 
A^CHO and R 9 CHO may be prepared, wherein R 9 is chosen such that R^CH^ = R\ and 
R 1 and Ar, have the values defined above for formula (IF). The sequence is performed 
without characterisation of the resin-bound intermediates. In step (i) 3- 
trifluoroacetamido-piperidine is bound to a solid support by reaction with 4-nitrophenyl 
carbonate activated polystyrene resin in the presence of a base, such as N,N- 
diisopropylethylamine, in a solvent such as DMF. In step (ii), the trifluoroacetamido 
protecting group is cleaved by hydrolysis with a base such as aqueous lithium hydroxide. 
In step (iii) the primary amine is then condensed with a substituted benzaldehyde in the 
presence of a dehydrating agent, such as tiimethylorthoformate, to form the intermediate 
imine. In step (iv) the imine is reduced with a borane reducing agent, such as sodium 
cyanoborohydride, in a solvent such as DMF, containing acetic acid. In step (v) the 
resultant secondary amine is then reductively alkylated with an aldehyde in the presence 
of a reducing agent such as sodium triacetoxyborohydride in a solvent, such as DMF. In 
step (vi) the desired product is finally cleaved from the resin with acid, such as aqueous 
trifluoroacetic acid. 



Preparation of Compounds of Formula (IG) 

2 0 Compounds of formula (IG) may be prepared by conventional organic chemistry 

techniques from N-protected-2-cyanomorpholines as outlined in Error! Reference source 
not found.G below, wherein R and R 2 have the values defined for formula (IG) above and 
P is a suitable nitrogen protecting group such as those described in T.W. Greene, 
'Protective Groups in Organic Synthesis", John Wiley and Sons, New York, N.Y., 1991, 

2 5 hereafter referred to as "Greene". For example a suitable nitrogen protecting group is a 

benzyl group: 

<Kl> R^I^N^R r4>^r "rH^-'Vr 
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SchemelG 

The phenyl ketone (HIG) can be obtained by reaction of N-protected-2- 
cyanomorpholine with a Grignard reagent, followed by acid hydrolysis to give the 
racemic phenyl ketone which may be separated on chiral HPLC. 

Compounds of formula (IG) can be prepared from the N-protected morpholine 
ketone intermediate of formula (HIG), as illustrated in Error! Reference source not 
found.G below: 




Scheme 2G 
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The ketone is stereoselective^ reduced to the corresponding (2S) or (2R) alcohol 
of formula (TV G) or (IV G) a using standard methods known in the art. For example it can 
be reduced in the presence of [(-)-B-chlorodiisopinocampheylborane] in a suitable solvent 
such as tetrahydrofiiran (THF) to provide the (2S) alcohol. ' 

The resulting alcohol is then transformed into a suitable leaving group L. Suitable 
leaving groups include halo groups, such as bromo, chloro or iodo and sulfonate groups, 
such as mesylate. When L is a halo group, the alcohol used will be the (2S) enantiomer 
(IVG) and it will be reacted with inversion of stereochemistry. For example, when L is 
bromo, the bromination reaction can be carried out in the presence of a brominating agent 
such as triphenylphosphine dibromide, in a suitable solvent such as chloroform. When L 
is a mesylate group, the alcohol used will be the (2R) enantiomer (IVG) a and it will be 

reacted with retention of stereochemistry in the presence of mesylate chloride and a 
suitable base. 

The resulting intermediate of formula (VG) can then be converted into the 
corresponding methylethanethioate of formula (VIG) via displacement of the leaving 
group with a suitable thiolacetate salt such as potassium thiolacetate in the presence of a 
suitable solvent such as a mixture of dimethylformamide (DMF) and tetrahydrofiiran 
(THF). 

The methanethiol intermediate of formula (VUG) can be prepared via reaction of 
the methylethanethioate (VIG) with a suitable thiomethoxide such as sodium 
thiomethoxide in the presence of a suitable solvent such as methanol (one can use a 
variety of bases but thiomethoxide is preferred because it also acts as a reducing agent 
and prevents oxidation of thiol hence inhibiting dimerisation; Ref: O.B .Wallace & 
D.M.Springer, Tetrahedron Letters, 1998, 39 (18), pp2693-2694). 

Hie pyridyl portion of the molecule is incorporated via general methods known in 
the art. A particularly useful method is the reaction of the methanethiol (VIIG) with a 
compound of the formula 




(VfflG) 
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wherein R 1 has the values defined above and L, is a suitable leaving group such as fluoro, 
bromo, chloro, iodo or mesylate, in the presence of suitable base such as sodium hydride, 
cesium fluoride or sodium methpxide, in a suitable solvent such as DMF. 

Compounds of formula (IG) wherein -X- is -O- can be prepared in an analogous 
fashion by reaction of the (2S) alcohol of formula (IVG) with a compound of formula 
(VHIG) above. 

The final step for the preparation of compounds of formula (IG) comprises 
deprotection of the morpholine ring. Conditions for the deprotection depend on the 
protecting group chosen. Suitable deprotecting conditions can be found in Greene. For 
example when the nitrogen protecting group is a benzyl group, the deprotection reaction 
can be carried out in the presence of polymer supported diisoprbpylamine (PS-DEEA) and 
1-chloroethyl chloroformate (ACE-C1) in a suitable solvent such as dichloromethane, 
followed by reaction with methanol to give compounds of formula (IG). 

Compounds of formula (IG) can alternatively be prepared by the derivatisation of 
a suitable substituent in the pyridyl ring to give the desired substituent R 1 as shown in 
Scheme 3G below. For example compounds of formula (IG) wherein -R 1 is -CF 3 can be 
prepared via reaction of the intermediate (KG)' wherein L 2 is introduced into the 
molecule in place of R 1 in formula (VTUG) as shown in Error! Reference source not 
found.G above. The group L 2 is a suitable leaving group such as for example iodo, 
bromo, chloro or fluoro. The leaving group is converted into a trifluoromethyl group via 
reaction in the presence of copper iodide, a suitable base such as for example potassium 
fluoride, and a suitable source of a trifluoromethyl group such as for example 
(txifluoromethyl)trimethylsilane, in a suitable solvent such as for example a mixture of 
DMF and N-methyl-pyrrolidinone (NMP). The resulting compound of formula (XG) is 
deprotected using the methodology described above. 
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Scheme 3G 

Compounds of formula (IG) wherein -X- is -S- can alternatively be prepared 
directly from the intermediate methylethanethioate of formula (VIG) as illustrated in 
Error! Reference source not found.G below. 




(VW) 

(VI) (IX) wherein -X- is -S- * (I) wherein -X- is -S- 

Scheme 4G 

The reaction can be carried out via general methods known in the art. For 
example, the intermediate (VIG) can be reacted with a compound of formula (VTIIG), 
wherein R 1 and L A have the values defined above, in the presence of a suitable base such 
as sodium methoxide, in a suitable solvent such as for example DMF. 

The resulting compound of formula (EXG) wherein -X- is -S- is then deprotected 
using the methods described above for Error! Reference source not found.G to give a 
compound of formula (IG) wherein -X- is -S-. This method is particularly useful when L : 
and R 1 are halogen groups such as for example fluoro and bromo respectively. 
Alternatively, the reaction can be carried out in the presence of a suitable base such as 
sodium hydroxide in a suitable solvent such as a mixture of ethanol and water. This 
method is particularly useful when L, is a halogen group and - R 1 is -CN or -CONR^ 4 , 
wherein R 3 and R 4 have the values defined for formula (IG) above. 

Compounds of formula (IG) wherein -X- is -S- can also be prepared via an 
alternative method using the intermediate of formula (VG) as illustrated below in Error! 
Reference source not found.G. 
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(VG) (KG) wherein -X- is -S- (IG) wherein -X- is -S- 



Scheme 5G 

The leaving group of intermediate (VG) is displaced with a suitable thiol of 
formula (XIG) wherein R 1 has the values defined for formula (IG) above, in the presence 
of a suitable base such as potassium carbonate, in a suitable solvent such as DMF. The 
resulting intermediate of formula (KG) wherein -X- is -S- is then deprotected as 
described in Error! Reference source not found. G above. 

The intermediate of formula (VUG) above (including analogs wherein L2 is 

introduced in place of Rl) often commercially available. This is the case for 
intermediates wherein L t is a halogen group and R 1 (or L2) has the values selected from 

H, methyl, halo, cyano, trifluoromethyl, NH^, C0 2 H, CONI^, SO^, SO,^^, 
NCOCCI3 and NSO^h. 

Intermediates of formula (VIIIG) wherein R 1 is a group of formula (i) can readily 
be prepared via methods known in the art. We illustrate below 3 methods for the 
preparation of compounds of formula (VHIG) wherein R 1 is a group of formula (i) and - 
Z- has the value of a bond (Error! Reference source not found.G), -CH2- (Error! 

Reference source not found.G) or -O- (Error! Reference source not found. G). It will be 
appreciated that these methods are only illustrative as there are many other alternative 
methods known in the art which can be used. 

As mentioned above, intermediates of formula (VHIG) wherein R 1 is a group of 
formula (i) and -Z- is a bond can be prepared via palladium coupling as illustrated in 
Error! Reference source not found.G below. 
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^ XIIIG ) (WIG) wheremRiisagroupof 

formula (i) and -2- is a bond 

Scheme 6G 

The reaction is carried out via reaction of readily available pyridines of formula 
(XIIG) wherein L, has the values mentioned above and L 3 is a suitable leaving group such 
as for example a halogen group such as bromo or chloro, with the corresponding 
phenylboronic acid of formula (XHIG), in the presence of a suitable palladium catalyst 
such as for example palladium acetate, a suitable ligand such as triphenylphosphine, in a 
suitable solvent such as acetonitrile. Alternative palladium catalysts are known in the art, 
for example bis(ben2»mtrile)palladium(II)dichloride can be used in the presence of a 
suitable ligand such as for example bis(diphenylphosphine)butane and a suitable base 
such as sodium carbonate in a suitable solvent such as for example ethanol, to give good 

yields of intermediate of formula (VHIG) wherein Rl is a group of formula (i) and -Z- is 
a bond. 

Intermediates of formula (VHIG) wherein R 1 is a group of formula (i) and -Z- is - 
CHj- can be prepared by the method illustrated in Error! Reference source not found.G 
below. 

POVG) (XVG) 



Readily available pyridine compounds of formula (XTVG) wherein L x has the 
values mentioned above (preferably fluoro) are reacted with suitable benzaldehydes of 
formula (XVG), wherein R 5 has the value defined for formula (IG) above, in the presence 
of a suitable base such as for example n-butyllithium or lithium diwapropylamide, in a 
suitable solvent such as THF, to give the alcohol of formula (XVIG). Said alcohol is then 
reduced to give the corresponding benzyl derivative (VHIG) wherein R 1 is a group of 
formula (i) and -Z- is -CH2- via hydrogenation, in the presence of a suitable catalyst such 
as for example palladium on charcoal, in a suitable solvent such as for example ethanol. 
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Intermediates of formula (VDIG) wherein R* is a group of formula (i) and -Z- is - 
O- can be prepared by the method illustrated below in Error! Reference source not 
found.G. 





(HO) 2 B' 

(XVIIG) (XHIG) (VmG) wherein Ri is a group of formula (i) 

and ~Z- is -O- 

Scheme 8G 

Readily available pyridinols of formula (XVUG), wherein L, has the values 
mentioned above react with phenylboronic acids of formula (XHIG) in the presence of 
copper(H)acetate, powdered 4A molecular sieves, and a suitable base such as 
Methylamine, in a suitable solvent such as for example dichloromethane to give 
intermediates of formula (VfflG) wherein Rl is a group of formula (i) and -Z- is -O-. 

Compounds of formula (IG) wherein -X- is -O- may also be prepared by 
conventional chemistry techniques from the (2R) alcohol (TVG) a using standard methods 
known in the art For example as shown in Scheme 9G by reaction of said alcohol with a 
pyridine of the formula (XVHIG) or the ketone tautomer of this pyridine wherein R 1 has 
the values defined for formula (IG) above, in the presence of a suitable phosphine such as 
triphenyl phosphine and diethyl azodicarboxylate, using an appropriate solvent such as ' 
THF, dimethoxyethane, (DME), or chloroform (CHCy, as described by D.L. Comins 
and G. Jianhua, in Tetrahedron Letters, 1994, 35 (18), pp2819-2822. This reaction is 
usually carried out with inversion of the stereocentre to (25) 
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As previously mentioned, compounds of formula (IG) wherein -X- is -O- may 
alternatively be prepared by the reaction of the (25) alcohol (TVG) with a pyridine of the 
formula (VmG), where L, is preferably chloro and R 1 has the values defined for formula 
(IG) above, using a suitable base such as potassium hydroxide, in a suitable solvent such 
as benzene or toluene, in the presence of a suitable phase transfer catalyst such as 18- 
Crown-6 as described by AJ.S. Duggan et al 9 in Synthesis, 1980, 7, p573. 




(IG) wherein 
-X-is-O- 



(EKG) wherein -X- is -O- 
Scheme 10G 

Compounds of formula (IG) wherein -X- is -O- may alternatively be prepared by 
the reaction of intermediate (VG) wherein L is Br with a pyridine of the formula (VIEG) 
wherein -L x is -OAg and R 1 has the values defined for formula (IG) above, in a non-polar 
solvent such as benzene, as described by U. Schollkopf et al 9 in LiebigsAnn. Chem. 1972, 
765, ppl53-170 and G.C. Hopkins et al 9 in /. Org. Chem. 1967, 32, pp4040. 

Preparation of Compounds of Formula (IH) i 

Compounds of formula (IH) may be prepared by conventional organic chemistry 
techniques. General schemes outlining the synthetic routes to compounds of formula (IH) 
are described below. For clarity, Rx, Ry and Rz are shown as H, however, it will be 
appreciated that analogous methods could be applied for other possible identities of Rx, 
Ry and Rz. 

The key intermediates of formulae (XH), (XDH) and (XHH) may be prepared as 
shown below (where P represents an N-protecting group): 
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(XH) (xm) (xmr) 

N-protected ethanolamine is reacted with 2-chloroacrylonitrile to give a Michael 
adduct which is then treated in situ with a base, such as potassium t-butoxide, to give a 
compound of formula (XH). The compound of formula (XH) may then be hydrolysed in 
HjSO/ethanol to give the ester of formula (XIH). This in turn may be converted into the 
Weinreb amide of formula (XIIH) by adding a solution of (XIH) to a premixed solution 
of M^-dimethylhydroxylamine and trimethylaluminium. Suitable N-protecting groups 
will be known to the person skilled in the art. Further information on suitable N- 
protecting groups is contained in the well known text "Protective Groups in Organic 
Synthesis", Theodora W. Greene and Peter G.M. Wuts, John Wiley & Sons, Inc., New 
York, 1999, pp.494-653. Benzyl is an especially preferred N-protecting group. 

N-protected compounds of formula (IH) wherein X is NH^ may be prepared from 
compounds of formula (XH) as shown below: 




not isolated 



In route A the intermediate (XH) is treated with an excess of the Grignard reagent 
ArlCHjMgBr to provide an N-protected compound of formula (IH) wherein X is NH^ 
and Rl is CH^A^ wherein Ar2 = Arl. In route B the intermediate (XH) is treated with 
one equivalent of the Grignard reagent RIMgBr followed by one equivalent of the 
Grignard reagent ArlCHyvigBr to provide an N-protected compound of formula (IH) 
wherein X is NH^ Alternatively, the Grignard reagent ArlCHyvigBr may be added first 
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followed by RIMgBr. Preferably, a Lewis acid such as titanium isopropoxide is added to 
the reaction mixture in between addition of the Grignard reagents (see Charette, A.B.; 
Gagnon, A; Janes, M; Mellon, C; Tetrahedron Lett, 1998, 39(29), 5147-5150 and 
Charette, A.B.; Gagnon, A; Tetrahedron: Asymmetry, 1999, 10(10), 1961-1968). 

N-protected compounds of formula (IH) wherein X is OH and Rl is 
wherein Ar2 = Arl may be prepared from compounds of formula QQH) as shown below: 




Intermediate (XCH) is treated with an excess of the Grignard reagent 
ArlCH^MgBr to provide an N-protected compound of formula (IH) wherein X is OH and 
Rl is CH Ar2 wherein Ar2 = Arl. 

N-protected compounds of formula (IH) wherein X is OH may be prepared from 
the Weinreb amide of formula (XDH) as shown below: 

c^rSc — Or 1 -- Cr£ 

p p p 

(xhh) (xihh) 

To a solution of (XDH) is added a solution of the requisite Grignard reagent 
RlMgBr to provide, on work up, a compound of formula (XTTTH). To a solution of the 
ketone of formula (XTTTH) is added a solution of the Grignard reagent ArlCH^MgBr to 
provide an N-protected compound of formula (IH) wherein X is OH. 

The ketones of formula (XillH) may also be obtained via a different route as 
shown below: 

a- of - q^" - q 1 " 

P P P P 

panH) 

A solution of N-protected morpholinone is treated with a strong base such as 
lithium diisopropylamide. To this solution is added an aldehyde R1CHO. Reduction of 
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the morpholine carbonyl group using, for example, borane-THF complex followed by 
oxidation of the alcohol using, for example, Swern oxidation conditions, provides a 
compound of formula (Xlllrt) which can be reacted onward as described in the previous 
scheme to provide an N-protected compound of formula (IH) wherein X is OH. 

N-protected compounds of formula (M) wherein X is C1-C4 alkoxy, may be 
synthesized by standard alkylation of the N-protected compounds of formula (IH) 
wherein X=OH as shown below: 




Suitable strong bases will be known to the person skilled in the art and include, 
for example, sodium hydride. Similarly, suitable alkylating agents will be known to the 
person skilled in the art and include, for example, C1-C4 alkyl halides such as methyl 
iodide. 

N-protected compounds of formula (IH) wherein X is NH(C1-C4 alkyl), may be 
synthesized by treatment of a compound of formula (IH) wherein X = NH, under 
reductive alkylating conditions or using suitable alkylating agents known to the person 
skilled in the art including, for example, C1-C4 alkyl halides such as methyl iodide, 

N-protected compounds of the present invention may be elaborated upon using 
standard organic chemistry to provide further N-protected compounds of formula (IH). 
For example, organometallic type couplings between an Arl-Br derivative and a 
phenylboronic acid as shown below can provide Arl-phenyl derivatives. 



Compounds of formula (IH) may be obtained by deprotection of the N-protected 
intermediates as shown below: 




Bp 



Pd 



B(OH.) 
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p H 

(M) wherein Rx, Ry and Rz = H 

Further information on suitable deprotection methods is contained in the well known text 
4< Protective Groups in Organic Synthesis" referenced above. 

It will be appreciated that compounds of Formulae (IA), (IB), (IC), (ID), (IE), 
(IF), (IG) and (IH) above possess one or more asymmetric carbon atoms, and that in the 
present invention specific individual stereoisomers are preferred. In the present specification, 
where a structural formula does not specify the stereochemistry at one or more chiral 
centres, it encompasses all possible stereoisomers and all possible mixtures of stereoisomers 
(including, but not limited to, racemic mixtures), which can result from stereoisomerism at 
each of the one or more chiral centers. 

The following examples illustrate compounds of of Formula (IA) above and 
methods for their preparation. 

Example IA: N-(2-methvlpropvlV^ 
ftimarate 

To a dry boiling tube (50 ml), under nitrogen, was added tert-butyl-4-(2-methyl- 
propylamino)-piperidine-l-carboxylate (0.200g, 0.780 mmol), 2-fluorobenzaldehyde 
(0.087 ml, 0.102g, 0.819 mmol), and titanium isopropoxide (0.268 ml, 0.937 mmol) to 
give a yellow/orange solution. This was heated to 90°C for 2 hours. Solution cooled, and 
ethanol (5 ml) added. Sodium borohydride (0.030g, 0.780 mmol) was then added and 
allowed to stir for 2 days. Further sodium borohydride (0.300g, 7.80 mmol) was added, 
and after 6 hours, this was diluted with methanol (10 ml) with stirring for 20 hours. This 
was concentrated in vacuo, dissolved in dichloromethane (5 ml), and acetic anhydride 
(0.371 ml, 39.00 mmol) added with stirring for 30 minutes. Solution was diluted with 
methanol (10 ml), and passed through an SCX-2 column to give an oil (0.150g, 0.412 
mmol). 

The resultant oil was dissolved in dichloromethane (5 ml), and trichloroacetic acid 
(2 ml) added. Reaction was monitored by thin layer chromatography (100% ethyl acetate; 
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reactant. r.f. 0.4, product r.f. 0.0). After 2 hours, reaction was concentrated in vacuo, 
azeotroped with dichloromethane (c.a. 25 ml), taken up in methanol (c.a. 5 ml), and 
passed through an SCX-2 column. The resultant colourless oil was purified using reverse 
phase chromatography, concentrated in vacuo, taken up in 5 M hydrochloric acid (10 ml), 
5 and heated to 90°C for 3 hours. This solution was freeze dried to give an oil (0.049g, 

0.185 mmol). Resultant oil was passed through an SCX-2 column, dissolved in aqueous 
acetonitrile (c.a. 20 ml), and fumaric acid (0.0214g, 0.1850 mmol) added. After 5 
minutes, this was freeze dried to give a white solid (0.070g, 0.185 mmol) as the title 
compound. S H (300 MHz, MeOD) 7.47 (1H, t, Ar), 7.25 (1H, m, Ar), 7.13 (1H, t, Ar), 
10 7.02 (1H, t, Ar), 6.70 (2H, s, fumarate), 3.21 (2H, s, NCH2Ar), 3.45 (2H, d, CH), 2.95 

(2H, t, CH), 2.82 (1H, t, CH), 2.29 (2H, d, NCH2), 2.00 (2H, d, CH), 1.80 (2H, t, m), 
1.68 (1H, t, CH), 0.85 (6H, d, CHMe2). LCMS 12 minute gradient, Rt = 1.99 mins, 
OVf+1) = 265.2 

15 Example 2A; N^3.3-dimeth\lbutvl)-N4f2-biphenvl)methv)lp iperiHin-4^mine 

fumarate 

To a 100 ml round bottomed flask, under nitrogen, was added the 1,1- 
dimethylethyl 4-[(2-bromophenylmethyl)( 3,3-dimethylbutyl)amino]piperidine-l- 
carboxylate (0.675 g, 1.49 mmole, LOeq.), phenylboronic acid (0.363 g, 2.98 mmole, 2.0 

2 0 eq.), dicmorobis(triphenylphosphine)palladium(II) (0. 104 g, 0. 15 mmole, 0. 1 eq.), 

sodium carbonate (0.158 g, 2.98 mmole,2.0 eq.) and a 1:1 mixture of tetrahydrofuran : 
water (50 ml). The mixture was heated at 90°C for two hours. The reaction mixture was 
allowed to cool then poured into diethyl ether (100 ml). This organic mixture was washed 
with a solution of sodium hydroxide (2M, aqueous, 80 ml) then concentrated in vacuo to 
25 give a dark yellow oil (1.18 g). This oil was purified by automated flash chromatography 

using an ISCO Combiflash system (Si0 2 (120 g); 0-10% methanol (+5% 7M NH/MeOH) 
in dichloromethane gradient elution over 40 minutes) to give a yellow oil (0.683 g). This 
oil was further purified by automated flash chromatography using an ISCO Combiflash 
system (Si0 2 (120 g); ethyl acetate gradient elution over 40 minutes) to give 1,1- 

3 0 dimethylethyl 4-[({2-biphenyl}methyl)(3,3-dimethylbutyl)amino]piperidine-l- 

carboxylate as a yellow oil (0.549 g, 82%). To a solution of this oil (0.549 g, 1.22 mmole, 
1.0 eq.) in dichloromethane (10 ml) was added trifluoromethanesulfonic acid (TFA) (1.36 
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ml, 18.27 mmole, 15 eq). The solution was stirred for one hour at room temperature. 
Solvent and TFA were removed in vacuo. The resulting oil was taken up in methanol and 
loaded onto an SCX-2 (10 g) column. The column was washed with methanol (50 ml). 
Basic material was then eluted using 2N ammonia in methanol (50 ml). Removal of 
solvent from the ammonia/methanol mixture under vacuum, gave a colourless oil (0.27 
g). This oil was purified on the Biotage Parallel Flex Purification System (UV-guided 
HPLC) followed by SCX-2 treatment (to obtain the free base) to give a colourless oil 
(0.132 g). To a solution of this oil in methanol was added a solution of fiimaric acid 
(0.044 g g, 0.38 mmole, 1 eq) in methanol. The mixture was left to stir for a couple of 
minutes, ethyl acetate and cyclohexane were then added. The resulting precipitate was 
collected by filtration to give the title compound as a white solid (0.121 g, 17%). 5 H (300 
MHz, MeOD) 7.50-7.47 (1H, m, ArH), 7.35-7.18 (7H, m, ArH), 7.10-7.07 (1H, m, ArH), 
6.61 (3H, s, fumarate CH), 3.58 (2H, s, CH^Ar), 3.25-3.24 (2H, m, NCI^), 2.74 (2H, dt, 
NCH,), 2.67-2.57 (1H, m, NCH), 2.34-2.29 (2H, m, NCI^), 1.65-1.45 (4H, m, CCH,), 
1.13-1.08 (2H, m, CH/Bu), 0.70 (9H, s, CH3); LCMS 12 min, Rt = 4.3 min, (MT+1) = 
351. 

Example 3A; N-(2-ethvlbutvlVN-r(2-biDhenvI)methvnpiperidin-4-amine fumarate 

As method previously described for Example 2A, using 1,1-dimethylethyl 4-[(2- 
bromophenylmethyl)(2-ethylbulyl)amino]piperidine-l-carboxylate. Isolation of the 
fumarate salt from methanol, diethyl ether, cyclohexane yielded the title compound as a 
white solid (0.238 g, 34%). 8 H (300 MHz, MeOD) 7.59-7.57 (1H, m, ArH), 7.45-7.27 
(7H, m, ArH), 7.19-7.16 (1H, m, ArH), 6.69 (1.5H, s, fumarate CH), 3.62 (2H, s, CHjAr), 
3.34-3.32 (2H, m, NCH,), 2.79 (2H, dt, NCBy, 2.66-2.57 (1H, m, NCH), 2.21 (2H, d, 
NCH^, 1.64-1.50 (4H, m, CCH,), 1.38-1.17 (5H, m, CH(CHMe) 2 ), 0.78 (6H, t, CH3); 
LCMS 12 min, Rt = 5.1 min, (MT+1) = 351. 

Example 4A: N^cvclohex\lmethvl)-N-rf2-biDhenvl)methyl1piperidjn-4-amine 
fumarate 

(i) To a solution of cyclohexylmethylamine (0.461 g, 4.08 mmole, 1.02 eq.) in 
1,2-dichloroethane (10 ml) was added l-Boc-4-piperidone (0.797 g ml, 4.00 mmole, 1.0 
eq.). To this was added a solution of sodium triacetoxyborohydride (0.865 g, 4.08 mmple, 
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1.02 eq.) in dimethylformamide (2 ml). This mixture was left to stir under nitrogen, at 
room temperature, over the weekend. To the reaction mixture was then added water (10 
ml) and the mixture stirred vigorously for several minutes. The chlorinated organic layer 
was then run through a hydrophobic frit then diluted with methanol (10 ml) and loaded 
onto an SCX-2 (10 g) column. The column was washed with methanol (50 ml) then basic 
material eluted with 2N ammonia in methanol. The ammonia/methanol solution was 
concentrated in vacuo to give a pale yellow oil (1.2 g). This was purified by automated 
flash chromatography using an ISCO Combiflash system (Si0 2 (40 g); 0-10% methanol 
in ethyl acetate gradient elution over 40 minutes) to give 1,1-dimethylethyl 4- 
[(cyclohexylmethyl)aniino]piperidine-l-carboxylate as a colourless oil (0.98 g, 83%). 8 H 
(300 MHz, CDCI3) 4.03-4.00 (2H, m, NCH,), 2.83-2.75 (2H, m, NCH,), 2.60-2.49 (1H, 
m, NCH), 2.45 (2H, d, NCH,), 1.18-0.83 (15H, m, CCH,), 1.45 (9H, s, OC(CH 3 ) 3 ); LCMS 
6 min, Rt = 2.7 min, (M*+l) = 297. 

(ii) To a solution of 1,1-dimethylethyl 4-[(cyclohexylmethyl)amino]piperidine-l- 
carboxylate (0.245 g, 0.840 mmole, 1.0 eq.), 2-phenylbenzyl bromide (0.185 ml, 1.01 
mmole, 1.2 eq.) in dry acetonitrile (5 ml) was added anhydrous potassium carbonate (0.19 
g, 1.35 mmole, 1.6 eq.). The mixture was stirred overnight at room temperature. 
The reaction mixture was concentrated under vacuum to give a white solid. The white 
solid was taken up in dichloromethane (10 ml) and this washed with water (10 ml). The 
dichloromethane layer was passed through a hydrophobic frit then diluted with methanol 
(10 ml). This solution was loaded onto an SCX-2 (10 g) column. The column was washed 
with methanol (50 ml) then basic material was eluted using 2N ammonia in methanol (50 
ml). Concentration of the ammonia/methanol solution under vacuum yielded a colourless 
oil (0.344 g, 90%). To a solution of this oil (0.344 g, 0.74 mmole, 1.0 eq.) in 
dichloromethane (10 ml) was added trifluoroacetic acid (TFA) (0.83 ml, 11.2 mmole, 15 
eq). The solution was stirred overnight at room temperature. Solvent and TFA were 
removed in vacuo. The resulting oil was taken up in methanol and loaded onto an SCX-2 
(10 g) column. The column was washed with methanol (50 ml). Basic material was then 
eluted using 2N ammonia in methanol (50 ml). Removal of solvent from the 
ammonia/methanol mixture under vacuum, gave a colourless oil (0.298 g, 99%). The oil 
was taken up in methanol. To this solution was added a solution of fumaric acid (0.095 
g, 0.08 mmole, 1 eq) in methanol followed by diethyl ether and cyclohexane. The 
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resulting precipitate was collected by filtration to give the title compound as a white solid 
(0.302 g, 76 %). 8 H (300 MHz, MeOD) 7.58 (1H, d, ArH), 7.45-7.29 (7H, m, ArH), 7.18 
(1H, d, ArH), 6.70 (2H, s, fumarate CH), 3.64 (2H s, CHLAr), 3.33-3.32 (2H, m, NCH,), 
2.79 (2H, dt, NCHj), 2.65-2.54 (1H, m, NCH), 2.17 (2H, d, NCHj), 1.74-1.47 (9H, m, 
CCIL), 1.28-1.11 (4H, m, CH, CCH,), 0.78-0.67 (2H, m, CH,); LCMS 12 min, Rt = 5.0 
min, (M*+l) = 363. 

Example 5A:N-fcvcloproDvlmethvn-N-rf2-biD henvl>methv1lT>ineridin-4-amine 
fumarate 

As method previously described for Example 4A, using 1,1-dimethylethyl 4- 
[(cyclopropylmemyl)ammo]piperidine-l-carboxylate and 2-phenylbenzyl bromide. 
Isolation of the fumarate salt from methanol and diethyl ether yielded the title compound 
as a white solid (0.485 g, 74%). 8 H (300 MHz, MeOD) 7.68 (1H, dd, ArH), 7.47-7.29 
(7H, m, ArH), 7.21 (1H, d, ArH), 6.72 (2H, s, fumarate CH), 3.76 (2H, s, CHAr), 3.38- 
3.34 (2H, m, NCILJ), 2.92-2.82 (3H, m, NCH, NCH,), 2.32 (2H, d, NCHj), 1.79-1.57 (4H, 
m, CCH,), 0.77-0.66 (1H, m, CH), 0.46-0.40 (2H, m, CH^, 0.03-0.02 (2H, m, CH,); 
LCMS 12 min, Rt = 3.5 min, (M*+l) = 321. 

Exam pje6Aj N-(3-methvlbutvn-N-rf2-phenoxvphenvl)m ethvnpiperidin-4-amine 
djfumarate 

(i) To 10% Pd/C (1.0 g, 10%wt), under nitrogen, was added a solution of the 1- 
Boc-4-piperidone (10.0 g, 50.1 mmole, 1.0 eq.) and isoamylamine (4.46 g, 51.2 mmole, 
1.02 eq.) in ethanol (60 ml). This was hydrogenated overnight, at 60 psi using a Parr 
hydrogenator. The catalyst was removed by filtration through Celite. Solvent was 
removed under vacuum to give 1,1-dimethylethyl 4-[(3-memylbutyl)ammo]piperidine-l- 
carboxylate as a colourless, slightly cloudy, oil (13.59 g, 100%). 8 H (300 MHz, CDCI3) 
4.05-4.02 (2H, m, NCHj), 2.82-2.75 (2H, m, NCHy, 2.66-2.54 (3H, m, NCH, NCHj), 
1.86-1.82 (2H, m, CCH,), 1.62 (1H, septet, CHMe^, 1.45 (9H, s, OQCH,)^, 1.41-1.17 
(4H, m, CCH,), 0.90 (6H, d, C(CHJJ; LCMS 6 min, Rt = 2.7 min, (M*+l) = 271. 

(ii) To a solution of 1,1-dimemylemyl 4-[(3-memylbutyl)ammo]piperidine-l- 
caiboxylate in 1,2-dichloroethane (10 ml) was added 2-phenoxybenzaldehyde. To this 
was added a solution of sodium triacetoxyborohydride (3.0 eq.) in dimethylformamide (2 
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ml). This mixture was left to stir for 3 days under nitrogen, at room temperature. To the 
reaction mixture was added water (10 ml) and the mixture stirred vigorously for several 
minutes. The chlorinated organic layer was run through a hydrophobic frit to remove 
water, diluted with methanol (10 ml) and loaded onto an SCX-2 (10 g) column. The 
column was washed with methanol (50 ml) then basic material eluted with 2N ammonia 
in methanol. The ammonia/methanol solution was concentrated in vacuo to give 1,1- 
dimethylethyl 4-[(2-phenoxyphenylmethyl)( 3-methylbutyl)amino]piperidine-l~ 
carboxylate as a colourless oil. To a solution of this oil in dichloromethane (10 ml) was 
added trifluoroacetic acid (TFA) (15 eq). The solution was stirred overnight at room 
temperature. Solvent and TFA were removed in vacuo. The resulting oil was taken up in 
methanol and loaded onto an SCX-2 (10 g) column. The column was. washed with 
methanol (50 ml). Basic material was then eluted using 2M ammonia in methanol (50 
ml). Removal of solvent from the ammonia/methanol mixture under vacuum, gave a 
colourless oil. The oil was taken up in methanol. To this solution was added a solution of 
fumaric acid (1 eq) in methanol . The mixture was left to stir for a couple of minutes, then 
ethyl acetate and cyclohexane were added. The resulting precipitate was collected by 
filtration to give the title compound as a white solid (0.264 g, 30%). 8 H (300 MHz, 
MeOD) 7.46 (1H, dd, ArH), 7.26-7.16 (3H, m, ArH), 7.10-7.04 (1H, m, ArH), 7.00-6.95 
(1H, m, ArH), 6.86-6.79 (3H, m, ArH), 6.61 (4H, s, fumarate CH), 3.68 (2H, s, CI^Ar), 
3.33-3.28 (2H, m, NCH,), 3.04-2.96 (3H, m, NCH, NCHy, 2.56-2.51 (2H, m, NCHJ, 
1.91-1.87 (2H, m, CCH,), 1.76-1.62 (2H, m/CCH,), 1.52-1.41 (1H, m, CH), 1.30-1.23 
(2H, m, CH,), 0.74 (6H, d, CH,); LCMS 12 min, Rt = 4.2 min, (MVl) = 353. 

Example 7A; N-(3-methvlbutyI)-N4(2-biphenyI)methvl1piperidin-4--amine 
difumarate 

As method previously described for Example 4A, using 1,1-dimethylethyl 4-[(3- 
methylbutyl)amino]piperidine-l-caiboxylate and 2-phenylbenzyl bromide. Isolation of 
the fumarate salt from methanol and diethyl ether yielded the title compound as a white 
solid (0.239 g, 24%). 8 H (300 MHz, MeOD) 7.49 (1H, dd, ArH), 7.35-7.18 (7H, m, ArH), 
7.10 (1H, dd, ArH), 6.61 (4H, s, fumarate CH), 3.62 (2H, s, CH^Ar), 3.25 (2H, m, NCH^, 
2.78-2.59 (3H, m, NCH, NCHy, 2.36-2.31 (2H, m, NCH,), 1.64-1.45 (4H, m, CCH,), 
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1.42-1.31 (1H, m, CH), 1.13-1.05 (2H, m, CH,), 0.69 (6H, d, CH3); LCMS 12 min, Rt = 
4.1 min, (M + +l) = 337. 

5 The following examples illustrate compounds of of Formula (IB) above and methods 

for their preparation. 

Synthesis of Intermediates , 

1 0 Preparation of (4-Benzyl-morpholin-2-yl)-phenyl-methanone* 

A 1600 L GL reactor under N 2 was successively loaded with 2-chloroacrylonitrile 
(33.2 kg, 379 moles) and toluene (114 L) at 21°C. Then, N-benzylethanolamine (57 kg, 
377 moles) was added and the reaction mixture was post-agitated at room temperature for 

15 about 17 h. Then, the mixture was diluted with toluene (336 L), cooled down to - 12.4 

°C and potassium t-butoxide (42.3 kg, 377 moles) was added in portions (10) maintaining 
- 13.7 °C < Tmass < -2.8 °C. The mixture was post-agitated at about 0°C for 2.5 h, 
quenched by adding ultra pure water (142.5 L) maintaining 2.1 °C ^ Tmass < 8.7 °C. 
The aqueous layer (176 kg) was separated after 35 minutes of post-stirring allowing the 

2 0 mixture to reach 15 °C and the toluene layer was washed with ultra pure water (142.5 L) 

and the aqueous layer (162 kg) was separated. The organic layer was then concentrated 
under reduced pressure (150 mbars) maintaining Tmass < 60 °C in order to distill 162 kg 
of toluene. The filtrates were then diluted with toluene (1 14 L) and treated with Si0 2 
(Merck silica gel 60, 0.063-0.1 mm, 74.1 kg) under agitation at room temperature for 1.25 

25 h. Si0 2 was filtered and rinsed with toluene (2x114 L). Then, the filtrates were 

concentrated under reduced pressure (150 mbars) maintaining Tmass < 60 °C in order to 
distill 351.8 kg of toluene (KF : 0.01 % w/w H^O). 

The solution of 4-Benzyl-morpholine-2-carbonitrile (169.2 kg) was diluted with 
toluene (157 L) and was cooled to 0°C and phenylmagnesiumchloride (25 wt. % solution 

30 in THF, 213 kg, 389 moles, 1.36 molar equiv.) was slowly added (over 3.5 h) to the 

reaction mixture, maintaining the temperature at - 3 °C < Tmass < 7 °C. The reaction 
mixture was post-stirred for 2 hours at Tmass « 0°C. Then, the quench was performed by 
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adding acetic acid (8.55 L, Tmass = 5 ^ 17.2 °C), post stirring 10 minutes and cooling to 
5 °C before adding an acetic acid / water mixture (229 L, 33/67 v/v). During the quench, 
addition was performed at such a rate that Tmass did not exceed 20°C (typical Tmass = 
4.6 °C to 10.4 °C). The mixture was post-agitated overnight at RT and the aqueous layer 
(285.8 kg) was extracted. 

The toluene layer was cooled to 0°C and a 5 N NaOH aqueous solution (420.1 kg) 
was slowly added maintaining the temperature at - 2.4 °C < Tmass < 1 1 °C. The reaction 
mixture was post-stirred for lh and the aqueous layer (494.8 kg) was extracted. The 
toluene layer was concentrated under reduced pressure (50 mbars) maintaining Tmass < 
60 °C in order to distill 356.2 kg of toluene and isopropanol (180.4 kg) was added. The 
toluene was stripped off under reduced pressure (100 mbars) maintaining Tmass < 60 °C 
in order to distill 186.4 kg of toluene and isopropanol (135 kg) was added again to the 
mixture. A last distillation of toluene was performed under reduced pressure (50 mbars) 
maintaining Tmass < 60 °C in order to distill 131 kg of toluene and isopropanol (49.4 kg) 
was finally added to the mixture and the solution was stirred at RT until crystallization 
(17 minutes). 

Ultra pure water was added (125.4 L) and the mixture was stirred overnight at RT 
and cooled down to about 0 °C for 1 hour. The precipitate was filtered and rinsed with a 
cooled water/isopropanol 50/50 v/v solution (76.6 kg). The wet precipitate was dried 
under vacuum at Tjack = 35°C for 96 hours to obtain the title compound as an off-white 
powder with 59 % overall yield. The title compound can be resolved by the fractional 
crystallisation process described above. 

Preparation of (4-Benzyl-morpholin-2-yl)-(3-fluoro-phenyl)-methanone^ 



To a solution of 4-B enzyl-morpholine-2-carboni trile (10g, 50 mmol) in dry 
diethyl ether (100 ml) at -10 °C under an atmosphere of nitrogen was added (time of 
addition 30 minutes) a solution of 3-fluorophenylmagnesium bromide (0.5N solution in 
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tetrahydroftiran, 120 ml, 60 mmol, 1.2 equivalents, available from Aldrich Chemical 
Company or Rieke Metals) and the reaction mixture was further stirred at -10 °C for 30 
minutes. Then the reaction was allowed to warm to room temperature and stirred for one 
hour. The reaction was then cooled to 0 °C and quenched by addition of hydrochloric acid 
(2N aqueous solution, 50 ml) and the resulting mixture was stirred for 30 minutes at 0 °C. 
Xhen the solution was concentrated in vacuo and the residue was taken-up by sodium 
hydroxide (2N aqueous solution, 60 ml). The aqueous solution was extracted with diethyl 
ether, the organics fractions were collected and dried (MgSO^ and the solvent removed 
under reduced pressure to give the title compound as a brown oil (15g, 100%). FIA 
[M+H]+=300.1. 

Preparation of 2-CMoromethyM-fluoro-l-methoxy-benzene. 
a) (5-Fluoro-2-methoxy-phenyl)-methanoL 



OMe 




F 



To a solution of 2-Methoxy-5~fluorobenzaldehyde (11.093g, 1 equiv.- available 
from Aldrich Chemical Company) in methanol at -10 °C under nitrogen atmosphere was 
added NaBH 4 (7.5 15g, 2.7 equiv.) portionwise. The solution was allowed to warm to 
room temperature and after 30 minutes the reaction solvent was removed under reduced 
pressure and replaced with dichloromethane. This solution was poured onto ice water and 
further extracted with dichloromethane. The organic fractions were collected and dried 
(MgSO^ and the solvent removed under reduced pressure to give the title compound as 
an oH (9.794g, 87%).'H NMR (300MHz, CDCI3): 5 2.58 (m, 1H), 3.81 (s, 3H), 4.63 (d, 
2H, /= 6.3 Hz), 6.78 (dd, 1H, J = 8.9 and 4.3 Hz), 6.94 (td, 1H, J = 8.5 and 3.1Hz), 7.04 
(dd, 1H, /= 8.7 and 3.1Hz). 

b) 2-Chloromethyl-4-fluoro-l-methoxy-benzene. 
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OMe 




F 



Neat (5-Fluoro-2-methoxy-phenyl)-methanol (19.587g, 1 equiv.) was added to 
neat SOCL> (42.2 mL, 4.6 equiv.) at -78°C under a nitrogen atmosphere and the solution 
was then allowed to warm to room temperature and stirred until evolution of gas had 
ceased. An equivalent volume of anhydrous toluene was added to the flask and the 
solution heated to 60°C. On cooling the reaction solution was poured onto ice water. The 
toluene layer was separated and dried (MgSO^ and the solvent removed under reduded 
pressure. The crude material was sublimed (60-80°C/0.05 mBarr) to give the title 
compound as a white solid (13.40 g, 61%). l H NMR (300MHz, CDCI3): 8 3.87 (s, 3H), 
4.60 (s, 2H), 6.79-7.20 (m, 3H). 

Preparation of l-Chloromethyl-2-isopropoxy-benzene. 
a) (2-Isopropoxy-phenyl)-methanol. 




A mixture of 2-hydroxyben2yl alcohol (21.04g, 1 equiv., available from Aldrich 
Chemical Company), 2-isopropyl iodide (32.3 mL, 1.9 equiv., available from Aldrich 
Chemical Company) and K 2 C0 3 (71.42g, 3 equiv.) in ethanol was refluxed for 3 hours. 
On cooling the reaction mixture was filtered and the solvent removed under reduced 
pressure and replaced with dichloromethane, and then filtered and the solvent removed to 
give the title compound as an oil (27.751g, 99%). 'H NMR (300MHz, CDC1 3 ): 5 1.37 (d, 
6H, J = 6.0Hz), 3.55 (bs, 1H), 4.50-4.70 (m, 3H), 6.78-6.90 (m, 2H), 7.15-7.25 (m, 2H). 

b) l-Chloromethyl-2-isopropoxy-benzene. 
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The title compound was prepared using the general procedure outlined above for 
the preparation of 2-Chloromethyl-4-fluoro-l-methoxy-benzene followed by the 
following treatment: 

The crude reaction material was chromatographed on silica gel and eluted 1:9 
ethyl acetate/heptane prior to distillation (40-60 °C/0.05 mBar). l H NMR (300MHz, 
CDC1 3 ): 5 1.37 (d, 6H, J = 6.0Hz), 4.50-4.70 (m, 3H), 6.80-7.00 (m, 2H), 7.23-7.30 (m, 
2H). 

Synthesis of Compounds of Formula (TB\ 

Example IB: (S. RV2-f2-Methoxv-Dhenvn-l-morpholin-2>vl-l-phenvl-ethanol 
hydrochloride, 

a) l-(4-Benzyl-morpholin-2-yl)-2-(2-methoxy-phenyl)-l-phenyl-ethanol. 




Solid magnesium turnings (9.5 g, 28 equiv.) under nitrogen atmosphere at room 
temperature were stirred vigorously with a magnetic stirring bar overnight. The 
magnesium was then covered with dry diethyl ether and to the suspension was added 1,2- 
dibromoethane (50 jjL). A cold bath was then applied followed by dropwise addition of 
l-chloromethyl-2-methoxy-benzene (18.18 g, 5 equiv. available from Aldrich Chemical 
Company) in diethyl ether (71 mL) which maintained the temperature at up to 15 °C. The 
resulting black suspension was stirred at room temperature for 30 minutes and cooled 
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down at -20 °C. A solution of (4-Ben2yI-morpholin-2-yl)-.phenyl-methanone (4g, 1 
equiv.) in diethyl ether (50 mL) was then added dropwise via canula. The reaction 
mixture was left to warm to room temperature over two hours and then quenched by 
addition of aqueous saturated solution of NaHC0 3 (50 mL). The aqueous solution was 
extracted with diethyl ether, the organic phase dried with MgS0 4 , evaporated in vacuo to 
give 7 g of a yellow amorphous solid. The compound was taken without further 
purification in the next step. FIA [M+H] + =404. 

b) 2-(2-Methoxy-phenyl)-l-m^ 

\ 

O 

c° 

N 
H 

CIH 

To a solution of l-(4-Benzyl-morpholin-2-yl)-2-(2-methoxy-phenyl)-l-phenyl- 
ethanol (1 g, 1 equiv.) in ethyl acetate (100 mL) at room temperature under nitrogen 
atmosphere was added ammonium formate (3.9 g, 25 equiv.) followed by addition of 
palladium on charcoal (10 %, lg.). The reaction mixture was heated to reflux for 1 hour, 
cooled to room temperature and then filtered through Celite. All volatiles were 
evaporated under vacuum, and the resulting solid was purified via preparative HPLC. The 
isolated white solid was taken up in ethanol. Hydrogen chloride was added (large excess 
of 2M solution in diethyl ether) and the mixture was stirred until it became a clear 
solution. Then all the volatiles were evaporated in vacuo, to give 650 mg of the title 
compound as white solid (75 %). *H NMR (300MHz, DMSO D6) 5: 2.43-2.51 (m, 2H), 
2.77-2.92 (m, 2H), 3.15-3.23 (m, 3H), 3.41 (s, 3H), 4.10-4.19 (m, 2H), 6.66-6.72 (m, 2H), 
6.98-7.07 (m, 2H), 7.13-7.20 (m, 5H), 9.32 (bs, 2H). LCMS (12 minute method) 
[M+H] + =3 14 @ Rt 3 .96 min. single major peak. 

Example 2B: fS. K> 2-r2-Ethoxv-Dhenvn-l-morpholin-2-vM-phenvl-ethanol 
hydrochloride. 
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a) l-(4-Benzyl-morpho 



The procedure for the synthesis of example IBa, l-(4-Benzyl-moipholin-2-yl)-2- 
(2-methoxy-phenyl)-l-phenyl-e1hanol, was followed using commercially available 2- 
ethoxybenzylmagnesium bromide (available from Rieke-Metals) as starting material and 
making non-critical variations, to yield the title compound. FIA [M+H] + =418. 

b) . 2-(2-Ethoxy-phenyl)-l-morpholin-2-yl-l-phenyl-ethanol hydrochloride. 



variations, to yield the title compound. ! H NMR (300MHz, DMSO D6) 8: 1.11 (t, 3H, 
J=6.97Hz), 2.43-2.56 (m, 1H), 2.81-2.96 (m, 2H), 3.17-3.27 (m, 3H), 3.55-3.67 (m, 2H), 
3.84-3.92 (m, 1H), 4.05-4.20 (m, 2H), 6.68-6.74 (m, 2H), 7.01-7.18 (m, 8H), 8.92 (bs, 
2H) ppm. LCMS (12 minute method) [M+H] + =328 @ Rt 4.57 min. single major peak. 

Example 3B; S, R) 2-(2-Isopropoxv-DhenvlVl-morDholin-2-yl-l-phenvl-ethanol 
hydrochloride. 

a) l-(4-BenzyI-morpholm-2-yI^ 





H 

CIH 

The procedure for the synthesis of example IBb, 2-(2-Methoxy-phenyl)-l- 
morpholin-2-yl-l-phenyl-ethanol hydrochloride was followed making non-critical 
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Solid magnesium turnings (4.6 g, 48 equiv.) under nitrogen atmosphere at room 
temperature were stirred vigorously with a magnetic stirring bar overnight The 
magnesium was then covered with dry tetrahydrofuran. A cold bath was then applied 
followed by dropwise addition of l-chloromethyl-2-isopropoxy-benzene (3.0 g, 4 equiv. 
prepared as described above) in tetrahydrofuran (40 mL). During slow addition of the 
electrophile no exotherm was observed so on completion of addition 3 crystals of Iodine 
were added to promote initiation of the reaction. After this addition the reaction 
temperature was allowed to spike to 50 °C then cooled rapidly to 8 °C before being left to 
warm to room temperature for one hour. The resulting black suspension was cooled 
down to -10 °C and a solution of (4-Benzyl-morpholin-2-yl)-phenyl-methanone (1.2 g, 1 
equiv.) in tetrahydrofuran (10 mL) was then added dropwise. The reaction mixture was 
left to warm to room temperature over thirty minutes and then quenched by addition of 
aqueous saturated solution of NaHC0 3 (50 mL) prior to filtration through Celite. The 
aqueous solution was extracted with diethyl ether, the organic phase dried with MgS0 4 , 
evaporated in vacuo to give 3 g of a yellow amorphous solid. The compound was taken 
without further purification in the next step. LCMS (6 minutes method) [M+H] + =432 @ 
Rt 3.25 min. major peak. 

b) 2-(2-Isoprop6xy-phenyl)-l-morpholin-2-yI-l-phenyI-ethanol hydrochloride* 




H 



CIH 
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The procedure for the synthesis of example lBb, 2-(2-Methoxy-phenyl)-l- 
morpholin-2-yl- 1 -phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the title compound. 'H NMR (300MHz, MeOH D3) 8: 1.12-1-16 (m, 
6H), 2.51-2.55 (m, 1H), 2.89-3.14 (m, 4H), 3.56-3.60 (m, 1H), 3.82-3.92 (m, 1H), 3.99- 
4.03 (m, 1H), 4.17-4.22 (m, 1H), 4.36-4.44 (m, 1H), 6.50-6.55 (m, 1H), 6.66-6.73 (m, 
2H), 6.92-6.98 (m, 1H), 7.07-7.20 (m, 5H) ppm. LCMS (12 minutes method) [M+H] + = 
342 @ Rt 4.90 min. major peak. 

Example 4B; (S, R) l-(3-Fluoro-phenvI)-2-(2-methQxv-phenvl)-l-morDholin-2-vl- 
ethanol hydrochloride 



a) l-(4-Benzyl-morpholin-2-yl)-l-(3-fluoro-phenyl)-2-(2-methoxy-phenyl)- 
ethanol. 



A magnetically stirred 0.25M tetrahydrofuran solution of commercially available 
2-methoxybenzylmagnesium bromide (available from Rieke-Metals) (80ml, 3equiv.) 
under nitrogen atmosphere was cooled to -10°C and to this was added neat (4-Benzyl- 
morpholin-2-yl)-l-(3-fluoro-phenyl)-methanone (2.1g, lequiv.). The solution was 
allowed to warm to room temperature and reaction progress followed using mass 
spectrometry. After 1.5 hours 2-methoxybenzylmagnesium bromide solution (14ml, 
O.Sequiv.) was again added to the reaction and after a further 0.5 hours an aqueous 
saturated solution of NaHC0 3 (50 mL) was added to halt the reaction. The aqueous 
solution was extracted with diethyl ether, the organic phase dried with MgS0 4> 
evaporated in vacuo to give 2.8 g of a yellow amorphous solid. The compound was taken 
without further purification in the next step. LCMS (6 minutes method) [M+H] + =422 @ 
Rt 3.03 and 2.86 min. major peaks. 
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b) (S, R )-l-(3-Fluoro-phenyl)-2-(2-methoxy-phenyl)-l-morpholin-2-yl-ethanol 
hydrochloride. 



To a solution of l-(4-Benzyl-morpholin-2-yl)-l-(3-fluoro-phenyl)-2-(2-methoxy- 
phenyl)-ethanol (2.8 g, 1 equiv.) in ethyl acetate (100 mL) at room temperature under 
nitrogen atmosphere was added ammonium formate (4.3 g, 10 equiv.) followed by 
addition of palladium on charcoal (10 %, 2.7g.). The reaction mixture was heated to 
reflux for 1 hour, cooled to room temperature and then filtered through Celite. All 
volatiles were evaporated under vacuum, and the resulting solid was purified via 
preparative HPLC to give the desired diastereoisomers. The active enahtiomer was 
obtained after a further preparative chiral HPLC separation. The active enantiomer, a 
white solid, was next taken up in ethanol and hydrogen chloride was added (large excess 
of 2M solution in diethyl ether) and the mixture was stirred until it became a clear 
solution. Then all the volatiles were evaporated in vacuo, to give 447mg of the title 
compound as white solid. 'H NMR (300MHz, DMSO D6) 8: 2.49-2.53 (m, 1H), 2.80- 
2.93 (m, 2H), 3.12-3.33 (m, 4H), 3.41 (s, 3H), 3.85-3.92 (m, 1H), 4.07-4.20 (m, 2H), 
6.70-6.75 (m, 2H), 6.92-7.10 (m, 5H), 7.20-7.27 (m, 1H), 9.08 (bs, 2H). LCMS (12 
minutes method) [M+H] + =332. Rt 4.11min. 

Example SB: (S, IO !-Mon)holin-2-vl-l-Dhenvl"2-(2-trifluoromethoxV"PhenvlVethanol 
hydrochloride 

a) l-(4-Benzyl-moi^holin-2-yl)-l-phenyl-2-(2-trifluoromethoxy-phenyl)-eth^ 




F 



H 



CIH 
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Magnesium turnings (24.2 g, 0.935 mole, 2 eq.) and diethyl ether (300 ml) were 
loaded in a reactor under N 2 . A solution of 2-trifluoromethoxybenzyl bromide (165 g, 
0.647 mole, 1.3 eq.) in diethyl ether (300 ml) was loaded in an addition funnel. Iodine 
crystals and a small amount of the 2-trifluoromethoxybenzyl bromide solution were 
added and the reaction mixture was stirred to initiate the reaction. The remainder of the 2- 
trifluoromethoxybenzyl bromide solution was then added drop- wise maintaining the 
temperature of the reaction mixture below 35°C. The mixture was stirred for another 5 
minutes at 23 °C after completion of the addition. A solution of (4-Benzyl-moipholin-2- 
yl)-phenyl-methanone (140 g, 0.498 mole) in diethyl ether (2.1 L) was added drop-wise, 
maintaining the temperature of the reaction mixture below 25°C. The solution obtained 
was stirred for 1 hour at 20°C. The reaction mixture was quenched through the addition 
of a saturated aqueous NaHCO a solution. (700 ml) and water (700 ml). The solids were 
filtered and washed with diethyl ether (200 ml). The filtrates were loaded into a 
separation funnel and the layers were separated. The aqueous layer was extracted with 
diethyl ether (1 L). The organic layers were combined and the filtrates were concentrated 
under vacuum to about 2 liters. The solution was dried over MgS0 4 , filtered and the filter 
cake was washed with diethyl ether (200 ml). The filtrate was concentrated under vacuum 
to orange oil. The residue was twice dissolved in toluene (500 ml) and concentrated to a 
solid product. The yield of crude title compound was 235 g (103%). l H-NMR (CDCI3): 
6.80-7.07 ppm, 11 H, mp; 7.04-7.01 ppm, 1H, mp; 7.01-6.86 ppm, 1H, dt; 6.84-6.80 
ppm, 1H, d; 3.98-4.03 ppm, 1H, dt; 3.86-3.89 ppm, 1H, dd; 3.70-3.60 ppm, 1H, dt; 3.52- 
3.58 ppm, 1H, d; 3.37-3.42 ppm, 1H, d; 3.13-3.37 ppm, 1H, d; 3.05-3.08 ppm, 1H, d; 
2.44-2.45 ppm, 1H, d; 2.30-2.00 ppm, 3H, mp. 

b) (S, R) l-Morpholin-2-yl-l-phenyl-2-(2-trifluoromethoxy-phenyl)-ethanol 
hydrochloride* 
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A stainless steel Buchi hydrogenation reactor was loaded with l-(4-Benzyl- 
morpholin-2-yl)-l-phenyl-2-(2-trifluoromethoxy-phenyl)-^^ (230 g, 0.503 mole), 
methanol (1 L), a suspension of Pd/C (10%, 46 g, 20% loading) in methanol (500 ml), 
and methanol (500 ml) from equipment rinses. A solution of HC1 in ethanol (1.6N, 460 
ml, 0.736 mole, 1.5 eq.) was added and the reactor was pressurized with (3 Bar). The 
reaction mixture was heated to 40°C and stirred for 3 hours. The reaction mixture was 
cooled to 20°C and flushed with N 2 . The catalyst was filtered off and washed with 
methanol (0.5 L). The filtrates were concentrated under vacuum to a yellow solid. The 
yield of crude title compound was 198 g (97.5%). A reactor was loaded with crude title 
compound (190 g, 0.47 mole) and toluene (6.65 L) under N 2 . The suspension was heated 
under reflux and toluene (150 ml) was added until all solid dissolved. The solution was 
stirred for 15 minutes more under reflux and then cooled slowly to 20°C. The suspension 
was stirred for 1 hour at 20°C. The solid was filtered, washed with toluene (680 ml), and 
dried at 40°C under vacuum. The yield of pure anhydrous title compound was 158.5 g 
(83.4%). 

Alternatively, the following method can be used. In a glass-lined nitrogen purged 
hydrogenator are charged l-(4-Benzyl-morpholin-2-yl)-l-phenyl-2-(2-trifluoromethoxy- 
phenyl)-ethanol hydrochloride (150g, 303.7 mmol), demineralized water (352 mL), /- 
PrOH (375 mL) and 5% Pd/C (30 g, 50% water, Johnson & Matthey type 440). The 
heterogeneous reaction mixture was then purged 5 times with 25 psi nitrogen then purged 
5 times with 50 psi hydrogen, and the hydrogenation was performed at RT. The initial 
Tmass was 22°C and the maximum Tmass during the hydrogenation was 23°C. The 
reactor was stirred vigorously. In-process analysis after 2 hours indicated complete 
hydrogenolysis. The hydrogenation was stopped after 3 hours. The nitrogen purged 
reaction mixture was then filtered at RT through an hyflo filter (56 g), impregnated 
beforehand with 75 mL of a 50/50 v/v isopropanol/water mixture and washed with 300 
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mL of a 50/50 v/v isopropanol/water mixture. The filtrates were stored overnight at RT. 
The filtrates were concentrated at 40-50°C under reduced pressure (typical 622 g 
distilled). The reaction mixture was cooled to RT and post-agitated. After 3 hours, 1 mL 
of the solution was taken and cooled to 0°C to initiate crystallization. These seeds were 
added to the reaction mixture and precipitation was observed within a few minutes. The 
mixture was post-agitated at RT for 2 hours. The crystals were filtered and rinsed with 
Hp (30 mL). Then, the precipitate was dried under reduced pressure (400 mmHg) with a 
nitrogen flow (0.1 bar) for 4 hours affording the title compound as the hydrate polymorph 
(103.5 g, 81% yield). 

Example 6B: (S, R) 2-Biphenvl-2-vl-l-morpholin-2-vl-l-phenvl-ethanol hydrochloride 
a) l-(4-Benzyl-morpholin-2-yl)-2-biphenyl-2-yl-l-phenyl-ethanol. 



l-(4-Benzyl-morpholin-2-yl)-2-(2-bromo-phenyl)-l-phenyl-ethanol (0.50 g, 1.0 
equiv. prepared according to Example 15Ba below) and phenylboronic acid (0.402 g, 3.0 
equiv., available from Aldrich Chemical Company) were suspended in a mixture 
ethanol/water (2/1, 7.5 mL) and PdfPh^ (0.022 g, 0.04 equiv.), then KfiO, (0.654 g, 4.30 
equiv.) were added. The mixture was heated to 80°C under nitrogen atmosphere. After 
16 hours, the reaction was cooled down to room temperature and filtered through Celite, 
then extracted with ethyl acetate. The organic layers were combined, dried with MgS0 4 , 
filtered and concentrated in vacuo yielding a yellow oil, which was purified by column 
chromatography on silica gel (10% EtOAcrHexane) to give .0.49 lg (98%) of the title 
compound as a white solid. 

b) (S, R) 2-Biphenyl-2-yl-l-morpholin-2-yl-l-phenyl-ethanol hydrochloride. 
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The procedure for the synthesis of example lBb, 2-(2-methoxy-phenyl)-l- 
moipholin-2-yl-l-phenyl-ethanol hydrochloride, was followed making non-critical 
variations, to yield the title compound. l H NMR (300MHz, DMSO D6) 8: 2.16-2.20 (m, 
1H), 2.54-2.62 (m, 1H), 2.67-2.76 (m, 1H), 2.85-2.89 (m, 1H), 3.24 (s, 2H), 3.61-3.69 (m, 
2H), 3.93-3.98 (m, 1H), 5.14 (bs, 1H), 6.80-6.92 (m, 5H), 7.04-7.17 (m, 5H), 7.27-7.30 
(m, 3H), 7.36-7.39 (m, 1H). LCMS (12 minutes method) [M+H] + =360 @ Rt 5.15 miri. 
single major peak. 

Example 7B: (S„ R) 2-(2-Chloro-phenvlVl-morDholin-2-vl-l-phenvl-ethanoi 
hydrochloride 

a) l-(4-Benzyl-morpholin-2-yl)-2-(2-chIoro-phenyI)-l-phenyl-ethanol. 



The procedure for the synthesis of example IBa, 1 -(4-Benzyl-morpholin-2-yl)-2- 
(2-methoxy-phenyl)-l-phenyl-^thanol, was followed using 2-chlorobenzyl chloride 
(available from Aldrich Chemical Company) as starting material and making non-critical 
variations, to yield the title compound. FIA [M+H] + =408 and 410. 

b) (S, R) 2-(2-Chloro-phenyl)-l-morpholin-2-yl-l-phenyl-ethanol hydrochloride 
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The procedure for the synthesis of example 5Bb, (S, R) l-Morpholin-2-yl-l- 
phenyl-2-(2-triflu6romethoxy-phenyl)-ethanol hydrochloride, was followed making non- 
critical variations, to yield the title compound/H NMR (300MHz, DMSO D6) 8: 2.45- 
2.54 (m, 1H), 2.84-2.93 (m, 2H), 3.17-3.22 (m, 1H), 3.33-3.38 (m, 3H), 3.89-3.97 (m, 
1H), 4.14-4.18 (m, 2H), 7.06-7.11 (m, 2H), 7.15-7.26 (m, 7H), 9.24 (bs, 2H) ppm. LCMS 
(12 minutes method) [M+H] + =3 18-320 @ Rt 4.36 min. single peak. 

Example 8B: (S, R) 2-(5-Fluoro-2-methoxv-phenvlVl-morpholin-2-yM>phenyl-ethanol 
hydrochloride 

a) lK4-Benzyl-morpholm-2-yI)^ 
ethanol. 



Magnesium turnings (21.6 g, 0.888 mole, 2 eq.) and diethyl ether (300 ml) were 
loaded in a reactor under N r A solution of 5-fluoro-2-methoxybenzyl chloride (116 g, 
0.664 mole, 1.5 eq.) in diethyl ether (200 ml) was loaded in an addition funnel. Iodine 
crystals and a small amount of the 5-fluoro-2-methoxybenzyl chloride solution were 
added and the reaction mixture was stirred to initiate the reaction. The remainder of the 5- 
fluoro-2 methoxybenzyl chloride solution was then added drop-wise maintaining the 
temperature of the reaction mixture below 28 °C. The mixture was stirred for another 5 
minutes at 19 °C after completion of the addition and a white suspension was formed. A 
solution of (4-Ben2yl-morpholin-2-yl)-phenyl-methanone (125 g, 0.444 mole) in diethyl 
ether (1.8 L) was added drop- wise, maintaining the temperature of the reaction mixture 




WO 2005/060949 



PCT7US2004/038221 



-145- 

below 25 °C. The suspension obtained was stirred for 2 hours. The reaction mixture was 
quenched through the addition of a saturated aqueous NaHC0 3 solution (625 ml) and 
water (500 ml), maintaining the temperature below 20 °C. The mixture was stirred for 30 
minutes and the solids were filtered, washed with water (125 ml) and diethyl ether (200 
ml). The filtrates were loaded into a separation funnel and the layers were separated. The 
aqueous layer was extracted with diethyl ether (1 L). The organic layers were combined 
and dried over MgS0 4 , filtered and the filter cake was washed with diethyl ether (100 
ml). The filtrates were concentrated under vacuum. The yield of title compound was 201 
g as a yellow solid (107%). Title compound (200 g, 0.474 mole) was then suspended in 
isopropanol (400 ml) under N 2 . The suspension was heated under reflux until all solids 
were dissolved. The solution is allowed to cool to 20 °C over 4 hours under stirring. The 
solid is filtered, washed with isopropanol (100 ml) and dried at 40°C under vacuum. The 
yield of pure title compound is 158 g (79%). *H-NMR (CDCI3): 6.99-7.26 ppm, 10H, 
mp; 6.60-6.71 ppm, 1H, dt; 6.49-6.60 ppm, 1H, dd; 6.31-6.44 ppm, 1H, dd; 3.92-4.01 
ppm, 1H, dt; 3.80-3.90 ppm, 1H, dd; 3.64-3.73 ppm, 1H, dd; 3.59-3.64 ppm, 1H, d; 3.52- 
3.59 ppm, 3+1 H, 2s; 3.37-3.45 ppm, 1H, d; 3.07-3.17 ppm, 1H, d; 2.84-2.92 ppm, 1H, d; 
2.43-2.53 ppm, 1H, d; 2.20-2.28 ppm, 1H, d; 1.98-2.11 ppm, 2H, mp. 

b) r (S, R) 2-(5-Fluoro-2-methoxy-phenyl)-l-morpholin-2-yl-l-phenyl-ethanol 
hydrochloride 




CIH 



A glass hydrogenation flask was loaded with methanol (1.55 L), Pd/C (10%, 31 g, 
20% loading), l-(4-benzyl-morpholin-2-yl)-2-(5-fluoro-2-methoxy-phenyl)-l-phenyl- 
ethanol (155 g, 0.368 mole) and a solution of HC1 in ethanol (2.5N, 233 ml, 0.582 mole, 
1.6 eq.). The reactor was mounted on a Parr instrument and pressurized with (49 Psi). 
The reaction mixture was shaken overnight between 20°C and 15°C. The catalyst was 
filtered off and washed with methanol (0.5 L). Hie filtrates were concentrated under 
vacuum. The yield of crude title compound was 109.5 g (81%). The catalyst was washed 
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again with methanol (2 x 500 ml). The filtrates were combined and concentrated under 
vacuum. The yield of the second crop of crude title compound was 21.7 g (16%). A 
reactor was loaded with crude title compound (131 g, 0.356 mole) and isopropanol (1,3 
L) under N 2 . The suspension was heated under reflux for 4 hours. The mixture was cooled 
to 20°C and the solid was filtered, washed with isopropanol (130 ml), and dried at 50°C 
under vacuum. The yield of pure title compound was 115.9 g (88.5% yield). 

Example 9B: (S, R) l"MorDholin-2-vI-l-Dhenvl-2-(2-trifluoronieth\ Isulfanvl~Dhcn\ 
ethanol acetate 

a) l-(4-Benzyl-morpholin-2-yl)-l-pheny^ 
ethanol. 



The procedure for the synthesis of example IBa, 1 -(4-benzyl-morpholin-2-yl)-2- 
(2-methoxy-phenyl)- 1 -phenyl-ethanol, was followed using l-bromomethyl-2- 
trifluoromethylsulfanyl-benzene (available from Fluorochem Ltd.) as starting material and 
making non-critical variations, to yield the title compound. l H NMR (300MHz, CDC1 3 ) 6: 
2.05-2.33 (m, 3H), 2.49-2.65 (m, 1H), 3.10-3.35 (m, 2H), 3.43-3.55 (m, 1H), 3.67-3.89 
(m, 2H), 3.91-4.08 (m, 2H), 4.09-4.22 (m, 1H), 6.91-7.05 (m, 1H), 7.10-7.42 (m, 12H), 
7.50-7.63 (m, 1H) ppm. 

b) (S, R) l-Morpholin-2.yl-l-phenyl-2K2-trmuoromethylsuIfanyl-phenyl)- 
ethanol acetate 




WO 2005/060949 



PCT/US2004/038221 



-147- 




To a solution of l-(4-benzyl-morpholin-2-yl)-l-phenyl-2-(2- 
trifluoromethylsxilfanyl-phenyl)-ethaiiol (218 mg g, 1 equiv.) and solid supported Hunig's 
base (available from Argonaut, lg, 5 equiv.) in dry tetrahydrofuran (4 mL) at 0 °C under 
nitrogen atmosphere was added ACE-C1 (502 pL, 10 equiv.)- The reaction mixture was 
left to warm to room temperature for 48 hours. All volatiles were evaporated under 
vacuum, and the resulting solid was taken-up with methanol (50 mL) and stirred at room 
temperature overnight The solution was filtered through acid ion exchange column and 
the required fractions evaporated to dryness. The resulting solid was purified via 
preparative HPLC to give 62 mg of the title compound as a colourless oil. *H NMR 
(300MHz, CDCI3) 8: 2.01 (s, 3H), 2.43-2.47 (m, 1H), 2.63-2.70 (m, 1H), 2.81-2.94 (m, 
2H), 3.24 (d, 1H, J=13.57Hz), 3.85-3.96 (m, 2H), 4.01-4.05 (m, 1H), 4.09-4.13 (m, 1H), 
4.45 (bs, 4H), 6.90-6.93 (m, 1H), 7.13-7.26 (m, 7H), 7.55-7.58 (m, 1H) ppm. LCMS (12 
minute method) [M+H] + =384 @ Rt 5.13 min. single peak. 

Example 10B: (S, R) l-MorphoIin-2-vl-l-Dhenvl-2-f2-trifluoromethvl-phenvlVethanol 
a) 4-Benzyl-2-(2-phenyl-oxiranyl)-morpholine, 




To a mixture of trimethylsulfoxonium iodide (783 mg, 1 equiv.) and sodium 
hydride (142 mg, 1 equiv.) in dimethylformamide (17 mL) at 0 °C under nitrogen 
atmosphere was added dimethylsulf oxide (251 jjL, 1 equiv.) and the resulting suspension 
was stirred for 30 minutes. A solution of (4-Benzyl-morpholin-2-yl)-phenyl-methanone 
(1 g, lequiv.) in dimethylformamide (10 mL) was then added dropwise. Stirring was 
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continued for 30 minutes and the reaction was stopped by addition of water (50 mL). The 
aqueous solution was extracted with diethyl ether, the organic phase dried with MgS0 4 , 
and evaporated in vacuo. The crude material was purified using a column 
chromatography on silica gel eluting with a mixture of ethyl acetate/heptane (20/80) to 
5 give 825 mg of the tide compound as a colourless oil (78 %), mixture of two 

diastereoisomers. LCMS (6 minute method) [M+H]*=296 @ Rt 1.88 min. single peak. 

b) l-(4-Benzyl-morpholin-2-yI)-l-phenyl-2-(2-trifluoromethyl-phenyl)-ethanoL 




10 To a suspension of magnesium turnings in tetrahydrofuran (2mL) at room 

temperature under nitrogen atmosphere was added a solution of 1 -bromo-2-trifluoromethyl- 
benzene (7.6g, 5equiv., available from Acros) in tetrahydrofuran (32 mL) and the mixture 
was stirred for an hour. The solution was cooled to -78 °C and copper iodide (646 mg) was 
added followed by dropwise addition of a solution of 4-Benzyl-2-(2-phenyl-oxiranyl)- 

15 morpholine (2g, 1 equiv.) in tetrahydrofuran (10 mL). The resulting mixture was warmed to 

room temperature over 2 hours and then treated with water (10 mL). The solution was 
extracted with diethyl ether, the organic phase dried with MgSC>4 5 and evaporated in vacuo. 
The crude material was purified using a column chromatography on silica gel eluting with a 
mixture of ethyl acetate/heptane (10/90) to give 352 mg of the title compound as a colourless 

2 0 oil (12 %). LCMS (6 minutes method) [M+H] + =442 @ Rt 3.05 min. major peak. 

c) (S, R) l-Morpholin-2-yl-l-phenyl-2-(2-trifluoromethyl-phenyl)-ethanol 




i 

H 
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To a solution of l-(4-Benzyl-morpholin-2-yl)-l-phenyl-2-(^^ 
phenyl)-ethanol (352 mg, 1 equiv.) in ethanol (15 mL) at room temperature under 
nitrogen atmosphere was added ammonium formate (507 mg g, 10 equiv.) followed by 
addition of palladium on charcoal (10 %, 355 mg.). The reaction mixture was heated to 
reflux for 1 hour, cooled to room temperature and then filtered through Celite. All 
volatiles were evaporated under vacuum to give 265 mg of the title compound as white 
solid (94 %). The enantiomeric mixture was resolved using chiral HPLC, to give the title 
compound as a single enantiomer. l H NMR (300MHz, CDC1 3 ) 6: 2.25-2.30 (m, 1H), 
2.56-2.64 (m, 1H), 2.75-2.87 (m, 2H), 3.18 (d, 1H, J=14.88Hz), 3.71-3.81 (m, 2H), 3.89 
(d, 1H, J=14.88Hz), 4.02-4.05 (m, 1H), 6.83-6.86 (m, 1H), 7.09-7.34 (m, 7H), 7.53-7.55 
(m, 1H) ppm. LCMS (12 minute method) [M+H] + =352 @ Rt 4.73 min. single peak. 

Example 11B: (S. RV2-r2-CMoro-DhenvlVl-(3-fluoro-phenvn-l-morDholin-2-vl-etha^^ 
hydrochloride 

a) l<4-Benzyl-morpholm-2^ 




The procedure for the synthesis of 4Ba, l-(4-Benzyl-morpholin-2-yl)-l-(3-fluoro- 
phenyl)-2-(2-methoxy-phenyl>ethanol was followed using 2-chorobenzyl chloride 
(available from Aldrich Chemical Company) as starting material, and making non-critical 
variations, to yield the title compound which was taken without further purification in the 
next step. LCMS (6 minutes method) [M+H] + =426 @ Rt 2.85 min. major peak. 

b) (S, R) 2-(2-CMoro-phenyl)-l-(3-fluoro^ 
hydrochloride 
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i 

H 

CIH 



To a solution of l-(4-Ben2yl-morpholine-2-yl)-2-(2-chloro-phenyl)-l-(3-fluoro- 
phenyl)-ethanol. (3.2g, 1 equiv.) in dry 1,2-dichloroethane (40 mL) vinder nitrogen 
atmosphere was added ACE-C1 (20.33 g, 5 equiv.). The reaction mixture was stirred at 
room temperature overnight then refluxed until completion. All volatiles were evaporated 
under vacuum, and the resulting residue redissolved in acetonitrile. This solution was 
filtered through an ion exchange column and the filtrate taken-up with methanol (50 mL) 
and refluxed for 3h. The solution was again filtered through acid ion exchange column 
and the required fractions evaporated to dryness. The resulting solid was next purified via 
preparative HPLC followed by chiral HPLC. The purified active enantiomer was taken up 
in ethanol and hydrogen chloride was added (large excess of 2M solution in diethyl ether) 
and the mixture stirred. Then all the volatiles were evaporated in vacuo, to give 519mg of 
the title compound as a white solid (18 %). *H NMR (300MHz, DMSO D6) 8: 2.43-2.54 
(m, 1H), 2.81-2.95 (m, 2H), 3.16-3.23 (m,TH), 3.30-3.44 (m, 2H), 3.54 (bs, 1H), 3:92- 
4.00 (m, 1H), 4.15-4.23 (m, 2H), 6.96-7.29 (m, 8H), 9.32-9.45 (m, 2H). LCMS (12minute 
method) [M+H] + =336. 

Example 12B; (S. R\ l- Morpholin-2-vl-l-phenvl-2-o-toM-ethanol hydrochloride 
a) l-(4-BenzyI-morpholin-2-yl)-l-phenyl-2-o-toIyl-ethanol. 




The procedure for the synthesis of example lBa, l-(4-benzyl-morpholin-2-yl)-2- 
(2-methoxy-phenyl)- 1 -phenyl-ethanol, was followed using commercially available 2- 
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methylbenzylmagnesium bromide (available from Rieke-Metals) as starting material and 
making non-critical variations, to yield the title compound. FIA [M+H] + = 388. 

b) (S, R) l-Morpholin-2-yI-l-phenyl-2-o-tolyl-ethanol hydrocMoride 




i 

H 

CIH 



The procedure for the synthesis of example lBb, 2-(2-methoxy-phenyl)-l- 
morphohn-2-yl-l-phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the title compound. *H NMR (300MHz, DMSO D6) 8: 1.62 (s, 3H), 
2.40-2.58 (m, 1H), 2.78-3.01 (m, 2H), 3.03-3.09 (m, 1H), 3.15-3.31 (m, 2H), 3.90-4.05 
10 (m, 1H), 4.15-4.25 (m, 2H), 6.89-7.28 (m, 9H), 9.21-9.55 (m, 2H). LCMS (12 minute 

method) [M+H] + = 298 single peak. 

Example 13B: (S, K) l-Morpholin-2-yl-l^-diDhenvl-ethanol hydrochloride. 
15 a) l-(4-Benzyl-morpholin-2-yl)-l,2-diphenyl-ethanoL 




The procedure for the synthesis of example lBa, 1 -(4-benzy l-morpholin-2-y l)-2- 
(2-methoxy-phenyl)-l-phenyl-ethanol, was followed using commercially available 
benzylmagnesium bromide (available from TCI America) as starting material and making 
2 0 non-critical variations, to yield the title compound. LCMS [M+H] + = 374.1 major single 

peak @ 3.82 min. 
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b) (S, R) l-Morpholin-2-yI-l,2-diphenyI-ethanoI hydrochloride 




The procedure for the synthesis of example lBb, 2-(2-methoxy-phenyl)-l- 
morpholin-2-yl-l-phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the title compound. l H NMR (300MHz, CDa 3 ) S: 2.36-2.41- (m, 1H), 
2.64-2.71 (m, 1H), 2.78-2.91 (m, 3H), 3.16-3.32 (m, 2H), 3.73-3.82 (m, 2H), 4.08-4.11 . 
(m, 1H), 6.80-6.83 (m, 2H), 7.07-7.12 (m, 3H), 7.16-7-27 (m, 6H). LCMS [M+H] + =284.1 
single peak @ 3.82 minutes. 

Example 14B: (S. R) 2- a-Fluoro-phenvn-l-morpholin-2-vl-l-phenvl-ethanol 
hydrochloride 

a) l-(4-Benzyl-morpholin-2-yl)-2-(2-fluoro-phenyl)-l-phenyl-ethanol. 



The procedure for the synthesis of example IBa, l-(4-benzyl-morpholin-2-yl)-2- 
(2-methoxy-phenyl)-l-phenyl-ethanol, was followed using commercially available 2- 
fluoro-benzylmagnesium chloride (available from Rieke Metals) as starting material and 
making non-critical variations, to yield the title compound. FEA [M+H] + =392.1. 

b) (S, R) 2-(2-Flnoro-phenyl)-l-morpholin-2-yl-l-phenyl-ethanol hydrochloride 
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i 

H 

CIH 



The procedure for the synthesis of example lBb, 2-(2-methoxy-phenyl)-l- 
morpholin-2-yl-l-phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the title compound. *H NMR (300MHz, DMSO D6) 6: 2.40-2.56 (m, 
1H), 2.78-2.97 (m, 2H), 3.17-3.29 (m, 3H), 3:89-3.96 (m, 1H), 4.14-4.19 (m, 2H), 5.47 
(bs, 1H), 6.82-6.94 (m, 2H), 7.01-7.25 (m, 7H), 9.28-9.38 (m, 2H). LCMS [M+H] + =302.1 
single major peak @ 3.82 minutes. 

Example 15B: (S, R) 2-q-bromo--phenvr>-l-phenvl-l"morpholin-2--vl-ethanol. 
a) l-(4-Benzyl-morpholm-2-y^ 




The procedure for the synthesis of example IBa, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-methoxy-phenyl)-l -phenyl-ethanol, was followed using commercially available 2- 
bromobenzylmagnesium bromide (available from Rieke-Metals) as starting material and 
making non-critical variations, to yield the title compound. FIA [M+H] + = 452/454. 

b) (S, R) l-Morpholin-2-yl-2-(2-bromo-phenyl)-l-phenyl-ethanol. 



WO 2005/060949 



PCT/US2004/038221 



-154- 




CIH 



The procedure for the synthesis of example 5Bb, (S, R) 1 -Morpholin-2-yl- 1 - 
phenyl-2-(2-trifluoromethoxy-phenyl)-ethanol, was followed making non-critical 
variations, to yield the title compound. l H NMR (300MHz, CDCI3) 6: 2.64-2.68 (m, 1H), 
3.02-3.21 (m, 2H), 3.27-3.33 (m, 3H), 3.45-3.50 (m, 1H), 3.63-3.68 (m, 1H), 3.99-4.09 
(m, 1H), 4.20-4.24 (m, 1H), 4.29-4.34 (m, 1H), 4.87 (s, 1H), 6.98-7.21 (m, 2H), 7.24- 
7.59 (m, 7H) ppm. LCMS (6 minutes method) [M+H] + = 362.3 @ Rt 2.85 min. single 
peak. 

Example 16B: (S. R) 2^2'-chlorori-l'biphenvll-2-^^^ 
hydrochloride 

a) l-CZ'-chloroJl-l'biphenyy^-y^-l-phenyl-l-^-^henylmethy^morpholin^- 
yl]ethanol. 




The procedure for the synthesis of example 6Ba, was followed using 2-chloro 
phenyl boronic acid (available from Aldrich Chemical Company) as starting material and 
making non-critical variations, to yield the title compound. FIA [M+H] + = 485 



b) (S, R) 2-(2 , -chloro[l-l'biphenyI]-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol 
hydrochloride 
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HCI 

The procedure for the synthesis of example 6Bb, was followed making non- 
critical variations, to yield the title compound. ! H NMR (300MHz, CDCI3) 8: 2.10-2.21 
(m, 1H), 2.57-2.65 (m, 1H), 2.62-2.75 (m, 1H), 2.83-2.87 (m, 1H), 3.20 (s, 2H), 3.63-3.70 
(m, 2H), 3.95-3.97 (m, 1H), 5.12 (bs, 1H), 6.80-6.92 (m, 5H), 7.04-7.17 (m, 5H), 7.27- 
7.37 (m, 3H). LCMS (12 minutes method) [M+H] + =393 @ Rt 4.75 min. single major 
peak. 

Example 17B; 4-Fluo ro-2-(2-morpholin-2-vl-2-phenvlDroDvn P henol hydrochloride 

a) 4-Fluoro-2-(2-morpholin-2-yl-2-phenylpropyl)phenol hydrochloride 

HO. 




HCI 

Sodium thiomethoxide (13 eq, 186 mg) was added at once to a solution of 2-{2- 
[5-fluoro-2-(memyloxy)phenyl]-l-memyl-l-phenylemyl}morpholmehydrocMoride(75.2 
mg, 0.204 mmol, synthesized as described in Example 8 above) in anydrous DMF (3 ml) 
in a microwave vessel. Upon addition, the reaction vessel was sealed and heated up in a 
CEM-Discovery microwave at 150 Watts, reaching 1 10 °C in 5 minutes and maintaining 
this temperature 6 minutes. The reaction vessel was cooled to room temperature and the 
reaction mixture taken into methanol (5 ml) and purified by SCX-2 chromatography to 
obtain the free base as clear oil (50 mg). The hydrochloride salt was obtained following 
general procedures as a white solid (52 mg, 72 % after salt formation.). MW 353.83; 
C 1S H B N0 3 FC1; 'H NMR (CD 3 OD): 7.29-7.26 (2H, m), 7.20-7.08 (2H, m), 6.53-6.50 (2H, 
m), 6.30-6.26 (1H, m), 4.18 (1H, dd, 12.6 Hz, 2.6 Hz), 4.02 (1H, dd, 10.9 Hz, 2.3 Hz), 
3.86 (1H, td, 12.6 Hz, 2.6 Hz), 3.60 QH Vz AB), 3.16 (1H, d, 12.6 Hz), 3.08-2.90 (3H, 
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m), 2.58 (1H, m); 19 F NMR (CD 3 OD) -128.4; LCMS: (12 min method) m/z 318 J [M- 
HC1+H] + @ Rt 3.954 min. 

Example 18B; 2-(2-Fluoro^-chloro-phenvlVl-morpholin-2-vl-l"Phenvl"ethanol 
hydrochloride. 

a) l-(4-Benzyl-morpholin-2-y!)-2-(2-chloro-6-fluoro -phenyl)-l-phenyl-ethanol. 




To a stirred solution of 2-chloro-6-fluorobenzyl magnesium chloride (12.8mL, 
3.20 mmol, 3 equiv., available from Rieke Metals) in anhydrous tetrahydrofuran (15 ml) 
at 0 °C under nitrogen was added a solution of (4-B enzy l-morpholin-2-y l)-pheny 1- 
methanone (300mg, 1.07mmol, 1 equiv.) in tetrahydrofuran (5ml) dropwise over 15 
minutes. The reaction was then stirred at 0 °C for one hour. The reaction mixture was 
allowed to warm to room temperature over two hours and stirred for a further 18h. The 
solvent was then evaporated "in vacuo" and the residue redissolved in dichloromethane 
(30mL). The organic solution was washed with aqueous saturated solution of NaHC0 3 
(50 mL). The aqueous solution was extracted with dichloromethane using a hydrophobic 
phase separator. The dichloromethane was evaporated "m vacuo" and redissolved in 
methanol (2 mL). The sample was bound to SCX-2 (5g) and washed with methanol 
(30mL). The sample was eluted using 2M ammonia in methanol (30mL). The solvent was 
then evaporated using a reacti-therm blow down station to give 450 mg of a yellow 
amorphous solid. This material was used in step b) without further purification. LCMS (6 
minutes method) [M+H] + = 426 @ Rt 3.27 min. major peak. 



b) 2-(2-Fluoro-6-cMoro-phenyl)-l-moi^holin-2-yl-l-phenyl-ethanol 
hydrochloride. 
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CIH 



To a solution of l-(4-Benzyl-morpholin-2-yl)-2-(2-chloro-6-fluoro -phenyl)- 1-phenyl- 
ethanol (450mg, 1 equiv.) in ethyl acetate (15mL) at room temperature under nitrogen 
atmosphere was added ammonium formate (1.69 g, 25 equiv.) followed by addition of 
palladium on charcoal (10 %, 450g.). The reaction mixture was heated to reflux for 1.5 
hours, cooled to room temperature and then filtered through Celite. All volatiles were 
evaporated under vacuum, and the resulting solid was purified via preparative HPLC. The 
isolated white solid was taken up in ethanol. Hydrogen chloride was added (large excess 
of 2M solution in diethyl ether) and the mixture was stirred until it became a clear 
solution. Then all the volatiles were evaporated "in vacuo", to give 147 mg of the title 
compound as white solid. 'H NMR (300MHz, CD 3 OD D4) 5: 2.51-2.61 (d, 1H), 2.79-2.91 
(t, 1H), 2.96-3.09 (m, 1H), 3.09-3.16 (m, 1H), 3.32-3.54 (q, 2H), 3.82-3.97 (t, 1H), 4.09- 
4.24 (t, 2H), 6.73-6,84 (t, 1H), 6.93-7.08 (m, 2H), 7.08-7.21 (m, 5H). LCMS (12 minutes 
method) [M+H] + = 336 @ Rt 4.44 min. single major peak. 

Example 19B: 2-(2,S-Dimethoxv-phenvlVl-morpholin-2-vI-l-phenvl"ethanol 
hydrochloride 

a) l-(4-Benzyl-morpholm-2-yl^ 



The procedure for the synthesis of example 18Ba, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)- 1-phenyl-ethanol, using 2,5-dimethoxybenzyl magnesium 
chloride as starting material (available from Rieke Metals) was followed making non- 




/ 
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critical variations, to yield the title compound This material was used in step b) without 
further purification. LCMS (6 minutes method) JM+H] + = 434 @ Rt 3.10min. major peak. 

b) 2-(2,5-Dimethoxy-phenyl)-l-morpholiii-2-yl-l-phenyl-ethanol 
hydrochloride. 



The procedure for the synthesis of example 18Bb, 2-(2-Fluoro-6-chloro-phenyl)- 
l-morpholin-2-yl-l-phenyl-ethanol hydrochloride, was followed making non-critical 
variations, to yield the title compound. 'H NMR (300MHz, CD 3 OD D4) 6: 2.53-2.62 (d, 
1H), 2.86-3.10 (m, 3H), 3.13-3.27 (m, 2H), 3.36-3.51 (m, 6H), 3.81-3.93 (t, 1H), 4.02- 
4.08 (d, 1H), 4.15-4.25 (d, 1H), 6.28-6.33 (s, 1H), 6.49-6.64 (m, 2H), 7.06-7.22 (m, 5H). 
LCMS (12 minutes method) [M+H] + =344 @ Rt 4.15 min. single major peak. 

Example 20B; 2-f2,4-Difluoro-phenvn-l"morpholin-2-vM-phenvl-ethanol 
hydrochloride 

a) l-(4-Benzyl-morpholin-2-yl)-2-(2,4-difluoro-phenyl)-l-phenyl-ett^ 



The procedure for the synthesis of example 18Ba, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)-l-phenyl-ethanol, using 2,4-difluorobenzyl magnesium 
bromide as starting material (available from Rieke Metals) was followed making non- 
critical variations, to yield the title compound. This material was used in step b) without 




H 



HCI 
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further purification. LCMS (6 minutes method) [M+H] + = 410 @ Rt 3.19 min. major 
peak. 

b) 2-(2,4-Difluoro-phenyl)-l-morpholin-2-yl-l-phenyl-ethanoIhy 



F 




The procedure for the synthesis of example 18Bb, 2-(2-Huoro-6-chloro-phenyl)- 
1 -morpholin-2-y 1- 1 -pheny 1-ethanol hydrochloride, was followed making non-critical 
variations to yield the title compound. 'H NMR (300MHz, CD 3 OD D4) 8: 2.48-2.59 (d, 
1H), 2.87-3.09 (m, 2H), 3.11-3.17 (m, 2H), 3.26-3.38 (m, 1H), 3.81-3.95 (t, 1H), 4.02- 
4.11 (d, 1H), 4.13-4.25 (d, 1H), 6.48-6.60 (m, 2H), 7.70-6.98 (m, 1H) 7.08-7.28 (m, 5H). 
LCMS (12 minutes method) [M+H] + = 320 @ Rt 4.20 min. major peak. 

Example 21B: Preparation of 2-f2,6-Dichloro-phenvlVl-morpholin-2-vl-l-phenvl- 
ethanol hydrochloride 

a) l-(4-Benzyl-moirholm-2-yO 




The procedure for the synthesis of example 18Ba, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)- 1-phenyl-ethanol, using 2,6-dichlorobenzyl magnesium 
chloride as starting material (available from Rieke Metals) was followed making non- 
critical variations, to yield the title compound. This material was used in step b) without 
further purification. LCMS (6 minutes method) [M+H] + = 442 @ Rt 3.49 min. major 
peak. 
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b) 2-(2,6-DicMoro-phenyl)-l-^^ 

// ^ 




To a solution of l-(4-Benzyl-morpholin-2-yl)-2-(2,6-dic^ 
5 ethanol (450mg, 1 equiv.) in ethyl acetate (15mL) at room temperature under nitrogen » 

atmosphere was added ammonium formate (1.69 g, 25 equiv.) followed by addition of 
palladium on charcoal (10 %, 45mg.). The reaction mixture was heated to reflux for 3 
hour, cooled to room temperature and then filtered through Celite. All volatiles were 
evaporated under vacuum, and the resulting solid was purified via preparative HPLC. The 

10 isolated white solid was taken up in ethanol. Hydrogen chloride was added (large excess 

of 2M solution in diethyl ether) and the mixture was stirred until it became a clear 
solution. Then all the volatiles were evaporated "in vacuo", to give 60 mg of the title 
compound as white solid. 1 !! NMR (300MHz, CD 3 OD D4) S: 2.52-2.61 (d, 1H), 2.79-2.96 
(t, 1H), 2.98-3.13 (t, 1H), 3.15-3.19 (s, 1H), 3.56-3.71 (q, 2H), 3.88-4.02 (t, 1H), 4.10- 

15 4.21 (d, 1H), 4.29-4.39 (d, 1H), 6.97-7.08 (m, 1H), 7.10-7.21 (m, 7H). LCMS (12 

minutes method) [M+H] + =352 @ Rt 4.63 min. single major peak. 

Example 22B; Preparation of 2-(2 <t 5-Dichloro-phenyl)-l-morpholiii-2"Vl-l-phenvl- 
ethanol hydrochloride 



a) l-(4-Benzyl-morpholin-2-yl)-2-(2,5-dichloro -phenyI)-l-phenyl-ethanol. 

-CI 
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The procedure for the synthesis of example 18Ba, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)- 1-phenyl-ethanol, using 2,5-dichlorobenzyl magnesium 
chloride as starting material (available from Rieke Metals) was followed making non- 
critical variations, to yield the title compound. This material was used in step b) without 
5 further purification. LGMS (6 minutes method) tM+H]*= 442 @ Rt 3.48 min. major 

peak. 

b) 2-(2^-Dichloro-phenyl)-l-morphoUn-2-yH-phenyl-ethanol hydrochloride. 




HCI 

1 0 The procedure for the synthesis of example 21Bb, l-(4-Benzyl-morpholin-2-yl)-2- 

(2,6-dichloro-phenyl)- 1-phenyl-ethanol, was followed making non-critical variations to the 
title compound. l H NMR (300MHz, CD 3 OD D4) 5: 2.49-2.61 (d, 1H), 2.88-3.1 l(m, 2H), 
3.12-3.24 (m, 1H), 3.24-3.35 (m, 1H), 3.41-3.53 (d, 1H), 3.82-3.96 (m, 1H), 4.04-4.25 (m, 
2H), 6.90-7.00 (m, 1H), 7.02-7.29 (m, 7H). LCMS (12 minutes method) [M+H] + = 352@ Rt 

15 4.86 min. major peak 

Example 23B: Prepar ation of 2-(2.5-Difluoro-phenvlM-moroholin-2-vI-l-phenvl- 
ethanol hydrochloride 

20 a) l-(4-Benzyl-morpholin-2-yl)-2-(2,5-difluoro -phenyl)-l-phenyl-ethanol. 




The procedure for the synthesis of example 18Ba, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)-! -phenyl-ethanol, using 2,5-difluorobenzyl magnesium 
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bromide as starting material (available from Rieke Metals) was followed making non- 
critical variations, to yieM the title compound. This material was used in step b) without 
further purification. LCMS (6 minutes method) [M+Hf= 410 @ Rt 3.11 min. major 
peak. 

b) 2^2,5-Dffiuoro-phenyl)-l-morphota^ 




C1H 

The procedure for the synthesis of example 18Bb, 2-(2-Fluoro-6-chloro-phenyl)- 
l-morpholin-2-yH-phenyl-ethanol hydrochloride, was followed making non-critical 
variations, to yield the title compound/H NMR (300MHz, CD 3 OD D4) 5: 2.48-2.59 (d, 
1H), 2.87-3.09 (m, 2H), 3.11-3.17 (m, 1H), 3.26-3.38 (m, 2H), 3.81-3.95 (t, 1H), 4.02- 
4.11 (d, 1H), 4.13-4.25 (d, 1H), 6.62-6.77 (m, 3H), 7.08-7.28 (m, 5H). LCMS (12 
minutes method) [M+H] + = 320 @ Rt 4.20 min. single major peak. 

Example 24B: Preparation of 2-f2-Fluoro-SrDhenvl-phenvIVl-m orDholin-2-vl-l-phenvl-- 
ethanol hydrochloride 

a) 1^4-Ben2yl-moipholm-2-yl^ 
ethanol. 




The procedure for the synthesis of example 18Ba, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)- 1-phenyl-ethanol, using 2-phenyl-5-fluorobenzyl magnesium 
bromide as starting material was followed making non-critical variations, to yield the title 
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compound. This material was used in step b) without further purification. LCMS (6 
minutes method) [M+H] + = 468 @ Rt 3.62 min. major peak. 

b) 2<2-Fluoro-5-phenyl-phe^ 
hydrochloride* 




HCI 



The procedure for the synthesis of example 18Bb, 2-(2-Fluoro-6-chloro-phenyl)- 
l-morpholin-2-yl-l-phenyl-ethanol hydrochloride, was followed making non-critical 
variations to the title compound. 'H NMR (300MHz, CD 3 OD D4) 8: 2.35-2.48 (d, 1H), 
2.77-2.91 (t, 1H)> 2.91-3.04 (m, 1H), 3.04-3.16 (m, 1H), 3.22-3.28 (m, 1H), 3.30-3.42 (m, 
1H), 3.66-3.87 (m, 2H), 4.01-4.14 (d, 1H), 6.70-6.89 (m, 5H), 6.98-7.11 (m, 4H), 7.14- 
7.25 (m, 4H). LCMS (12 minutes method) [M+H] + = 378@ Rt 5.22 min. major peak. 

Solid Phase Synthesis of Compounds of Formulae (IB) 

Compounds of the invention wherein Ar, is substituted with an aromatic group 
(i.e., pyridyl, thiophenyl, and optionally substituted phenyl) can be prepared by solid 
phase synthesis using the route shown below (the black dot represents polystyrene resin). 
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The sequence is preferably performed on a polystyrene resin, without 
characterization of the resin-bound intermediates. 

i) Aliquots (52 mg, 0.05 mmoles) of p-nitrophenyl carbonate resin (Novabiochem) were 
dispensed into 4.5 ml MiniBlock reaction tubes (Mettler-Toledo). To each resin was 
added DMF (0.5 ml) followed by a 0.2M solution of 2-(2-bromo-phenyl)-l- 
morpholin-2-yl- 1 -phenyl-ethanol in DMF (0.5 ml, 0.1 mmoles). The tubes were 
sealed and agitated by orbital shaking for 24 hrs. The resins were then filtered and 
washed with DMF (3 x 1.0 ml), a solution of diisopropylethylamine (0.25 ml) in 
DMF (1.0 ml) and finally DMF (4 x 1.0 ml). 

ii) To each resin was added a 2M solution of an optionally substituted aryl boronic acid 
in DMF (0.5 ml, 1.0 mmoles), a 0.5M solution of triphenylphosphine in DMF (0.2 
ml, 0.1 mmoles), a 0.25M solution of Pd(H) acetate in DMF (0.2 ml, 0.05 mmoles) 
and a 1.25M solution of caesium carbonate in water (0.1 ml, 0.125 mmoles). The 
tubes were sealed, agitated by orbital shaking and heated at 80° for 20 hrs. The 
reactions were then cooled to ambient temperature and the resins washed with DMF 
(2 x 1.0 ml), MeOH (3 x 1.0 ml) and DCM (4 x 1.0 ml). 
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iii) To each resin was added a TFA/Hp mixture (95:5 v/v, 1 ml). The tubes were sealed 
and agitated by orbital shaking for 6 hrs. The reactions were filtered and washed with 
DCM (2x2 ml). Appropriate filtrates and washings were combined and volatile 
5 components removed by vacuum evaporation. Each residue was dissolved in MeOH 

(1 ml) and the solutions applied to MeOH-washed SCX-2 cartridges (0.5 g/3.0 ml) 
(Jones Chromatography). After draining under gravity the cartridges were washed 
with MeOH (2.5 ml) and the products then eluted using a 2M solution of ammonia in 
MeOH (2.5 ml). Removal of volatile components by vacuum evaporation gave the 
1 0 desired products which were purified by preparative LCMS. 

By this means were prepared: 

Example 25B 

15 2-(4 -methyl-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 3.11 

min, [M+H] + 374.2 

Example 26B 

2-(4'-chloro-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 3.36 
2 0 min, [M+H] + 394.2 

Example 27B 

2-(4 -methoxy-biphenyl-2-yl)-l-morphohn-2-yl-l-phenyl-ethanol, RT (6 min gradient) 
3.37 min, [M+H] + 390.2 

25 

Example 28B 

2-(3 -fluoro-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 3.39 
min, [M+HT 378.4 



30 



Example 29B 

2-(3 , -chlororbiphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 3.53 
min, [M+H] + 394.4 
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Example 30B 

2-(3 -methoxy-biphenyl-2-yl)-l-morphoUn-2-yl-l-phen RT (6 min gradient) 

3.31 min, |M+H] + 390.4 

Example 31B 

2-(3 -methyl-biphenyl-2-yl)-l-mo RT (6 min gradient) 3.45 

min, [M+H] + 374.4 

Example 32B 

2-(3^5 , -dicMoro-bipheny^2-yl)-l-moIphoUn-2-yl-l-phenyl-ethanol, RT (6 min gradient) 
3.71 min, [M+H] + 428.3 

Example 33B 

2-(2\4'-dimethyl-biphenyl-2^ RT (6 min gradient) 

3.59 min, [M+H] + 388.4 

Example 34B 

2-(2%4 , -dimethoxy-biphenyl-2-^ RT (6 min 

gradient) 3.33 min, [M+H] + 420.4 

Example 35B 

l-morpholin-2-yl-l-phenyl-2-^^ RT (6 min gradient) 2.17 

min, [M+H] + 361.4 

Example 36B 

1- morpholm-2-yl-l-phenyl^ 3.25 min, [M+H] + 366.4 
Example 37B 

2- (3\4'-dicMoro-biphenyl-2-yl)-l-m^ RT (6 min gradient) 
3.56 min, [M+Hf 428.1 
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The following examples illustrate compounds of of Formulae (IC) above and methods 
for their preparation. 

General Synthetic Procedures for the preparation of Examples 1C-17C 

The numbers included in the following Sections refer to the compounds 
illustrated in Schemes 2C to 6C herein. 

General Procedure 1C: Preparation of racemic ^-substituted arvl thiols 

To a solution of 5Ca,5Cb (0.02 g, 0.52 mmol) and the requisite aryl thiol (1.1 eq) 
in anhydrous dimethylformamide (1 ml) at room temperature under nitrogen was added 
cesium carbonate (1.1 eq, 0.19 g, 0.57 mmol). The reaction mixture was heated to 95°C 
for 2 hours. The reaction mixture was allowed to cool to room temperature, diluted with 
ethyl acetate, then washed sequentially with water, brine, dried over magnesium sulphate 
and finally concentrated in vacuo. 

General Procedure 2Ca: Deprotection of TV-substituted arvl thiols 

To a solution of the requisite iV-benzyl aryl thiol in anhydrous dichloromethane 
(5ml) was added solid supported Hunig's base (Argonaut, 3.56 mmol/g, 2 eq) and oc- 
chloroethyl chloroformate (3 to 10 eq) at room temperature under nitrogen. The reaction 
mixture was heated to 40°C and followed by LCMS analysis. After completion the 
reaction mixture was filtered, and the resin washed with dichloromethane. The combined 
organic phases were concentrated in vacuo. Methanol (HPLC grade, 25 ml) was added 
and the solution heated to 60°C for 1.5 to 4 hours. After complete consumption of starting 
material the methanol solution was evaporated to give a solid which was further purified . 
as detailed for individual compounds. 

General Procedure 2Cb: Deprotection of TV-substituted arvl thiols 

To a solution of the requisite iV-benzyl aryl thiol (1 eq) in ethyl acetate at room 
temperature was added phenylchlorofonnate (3 eq). The mixture was warmed under 
reflux for 2 hours. The mixture was then cooled to room temperature and 30% NaOH 
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with water was added over 1 hour. The biphasic system was stirred for 1.5 hours at room 
temperature and the organic layer was separated. The organic layer was washed with 
water, dried over MgS0 4 , filtered and rinsed with ethyl acetate. 

To the mixture of carbamate and benzylchloride in ethyl acetate was added 5.6M 
dimethylamine in ethanol. The solution was warmed under reflux (70-72°C) for 2 hours. 
After cooling at room temperature, water and 12N HC1 were added and the mixture was 
stirred for 10 minutes. The layers were separated and the organic phase was washed twice 
with water. Then the organic layer was concentrated (T=50°C) until crystallization. 
MeOH was added and approx. 40% of solvent was then removed under reduce pressure, 
this operation was repeated. The heterogeneous mixture was stirred for 0.5 hours at room 
temperature and filtered. The precipitate was washed twice with MeOH and dried under 
reduce pressure at 40°C to yield the carbamate. 

To a biphasic mixture of 30% NaOH and isopropanol warmed to 65°C, was added 
the carbamate. The heterogeneous mixture was warmed under reflux for 4 hours and then 
cooled to room temperature and post-agitated overnight. The organic layer was 
concentrated under reduce pressure and the yellow solid obtained was added to a mixture 
of AcOEt and IN NaOH. After separation of the layers, the organic one was washed with 
IN NaOH. The aqueous layers were combined and extracted with AcOEt. The combined 
organic layers were dried over MgS0 4 , filtered and concentrated under reduce pressure to 
dryness to obtain the free amine. 

General Procedure 3C; Conversion of amines into hydrochloride salts 

To a solution of the requisite amine in dry diethyl ether (1 ml) was added 
hydrochloric acid (500 jol of a 1M solution in diethyl ether). A white precipitate 
immediately formed. The suspension was then sonicated for 5 minutes. Ether was blown 
off with a stream of nitrogen and the samples were dried under high vacuum for several 
hours to give the hydrochloride salts in near quantitative yield as white solids. 
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General Procedure 4C: Aldoladdition with substituted benzaldehvdes 
Preparation of 38Ca,38Cb: 39Ca39Cb: 40Ca,40Cb 

A^Benzylmoipholinone (1.0 eq) and the requisite aldehyde (1.1 eq) were 
dissolved in anhydrous tetrahydrofuran (25 ml) under nitrogen and the reaction cooled to 
5 -78°C Then, lithium diisopropylamide (1 . 1 eq of a 2M solution in 

heptane/tetrahydrofuran/ethylbenzene) was added over approximately 20 minutes, whilst 
maintaining the reaction temperature below r78°C. The resulting yellow solution was 
stirred at -78°C for 1 hour and then allowed to warm to room temperature. The reaction 
was quenched with saturated ammonium chloride solution (25 ml) and extracted into 
10 ethyl acetate. The combined organic layers were dried with magnesium sulphate, filtered 

and concentrated in vacuo, to give a yellow oil which was purified by column 
chromatography on silica gel (eluent: ethyl acetate/hexane 70/100 [v/v]). 

General Procedure 5C: Reduction of substituted aldol adducts 

15 Preparation of 41Ca.41Cb; 42Ca.42Cb: 43Ca.43Cb 

To a solution of the requisite amide 38Ca,38Cb, 39Ca,39Cb or 40Ca,40Cb (1.1 
mmol) in anhydrous tetrahydrofuran under nitrogen at room temperature was slowly 
added borane (4 eq of a 1M solution in tetrahydrofuran). The solution was stirred at 60°C 
for 2 hours. The reaction was cooled to room temperature; dry methanol (excess) was 

2 0 slowly added, followed by aqueous hydrochloric acid solution (1M, excess). The reaction 

mixture was heated to 60°C for 1 hour and quenched with aqueous potassium carbonate 
solution (1M, excess) and extracted with diethyl ether. The combined organic layers were 
washed with brine, dried with magnesium sulphate, filtered and concentrated in vacuo 
yielding a yellow oil which was purified by column chromatography on silica gel (eluent: 

25 ethyl acetate/hexane 10/100 [v/v]). 

Preparation of intermediates for the synthesis of Examples 1C-17C 
4-Benzylmorpholin-3-one (2C) 

a 
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A solution of //-benzyl-iV-(2-hydroxyethyl) chloroacetamide (627.7 g, 2.76 mol) 
in te/t-butanol (0.9 1) was stirred under nitrogen while warming to 25-30°C. Potassium 
tert-butoxide (2.897 1 of a 1M solution in terf-butanol, 2.90 mol, 1.05 eq) was added over 
2 hours. The reaction mixture was then stirred at room temperature for 90 minutes. Ice- 
cold water (6 1) was added and the resultant cloudy solution extracted with ethyl acetate. 
The combined organic layers were washed with brine, dried over magnesium sulphate 
and evaporated in vacuo to give a light brown oil (441 g, 84%), which was used in the 
next stage without further purification; MW 191.23; C n H 13 N0 2 ; *H NMR (CDCI3): 7.29- 
7.40 (5H, m), 4.67 (2H, s), 4.28 (2H, s), 3.87 (2H, t, 5 Hz), 3.31 (2H, t, 5 Hz); LCMS: (12 
min method) m/z 192 [M+H]+ @ Rt 1.00 min. 

(2S)-(4-Benzyl-morpholin-2-yl)-phenyI-methanone (3Ca) and (2R)~(4-Benzyl- 
morphoIin-2-yl)-phenyI-methanone (3Cb) 




Described above under the "Synthesis of Intermediates" section for compounds of 
Formula (IB). 

(S)-Phenyl[(2S)-4-(phenylmethyl)morpholin-2-yl]methanol (4Ca) 




To a stirred solution of [(-)-5-chlorodisopinocampheylborane] (45 g, 140 nunol) 
in dry tetrahydrofuran (300 ml) under nitrogen was added 3Ca (7.97 g, 28.4 mmol) in one 
portion. The reaction mixture was stirred at room temperature for 18 hours. The mixture 
was evaporated in vacuo and extracted from 2M aqueous sodium hydroxide solution into 
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ethyl acetate. The combined organic extracts were washed with brine, dried, filtered and 
evaporated. The crude product was taken up in chlorofonn/methanol (1:1 [v/v]) and 
absorbed onto 150g SCX-2 ion exchange resin. After elution of borane residues with 
methanol the product was eluted with 2M ammonia in methanol. Removal of solvent in 



vacuo yielded the product as yellow oil. This was further purified by flash 
chromatography (eluent: ethyl acetate/isohexane 80/20 [v/v]). After removal of solvents, 
the product crystallised on standing (6.73g, 84%); MW 283.37; C^H^NO,; l H NMR 
(CDCI3): 7.32-7.45 (10H, m), 4.67 (1H, d, 7 Hz), 4.03 (1H, dt, 11 Hz and 2 Hz), 3.86- 
3.73 (2H, m), 3.64 (1H, d, 13 Hz), 3.39 (1H, d, 13 Hz), 3.30 (1H, br, s), 2.68 (1H, d, 12 
Hz), 2.56 (1H, d, 10 Hz), 2.28-2.15 (2H, m); LCMS: m/z 284 [M+BQ+ @ Rt 0.95 min. 

(2S)-2-[(i?)-bromo(phenyl)methyl]-4-(phenylmethyl)morpholine (5Ca) 



To a solution of 4Ca (4.71 g, 16.6 mmol) in anhydrous chloroform (200 ml) under 
nitrogen was added triphenylphosphine dibromide (14.04 g, 33.26 mmol). The reaction 
mixture was heated at 60°C overnight. The mixture was allowed to cool to room 
temperature then washed with saturated aqueous sodium carbonate solution, dried over 
sodium sulphate and concentrated in vacuo. The resulting residue was purified by flash 
chromatography on silica (eluent: ethyl acetate/isohexane gradient 10/90 to 30/70 [v/v]) 
to give 5Ca as a white solid (4.63 g, 81%); MW 346.27; CJH^BrNO; *H NMR (CDCI3): 
7.14-7.39 (10H, m), 4.83 (1H, d, 7 Hz), 4.01 (1H, br, t, 8 Hz), 3.73 (1H, br, d, 11 Hz), 
3.60-3.48 (2H, m), 3.39 (1H, d, 12 Hz), 3.20 (1H, d, 11 Hz), 2.50 (1H, d, 10 Hz), 2.07 
(2H, t, 10 Hz); LCMS: (6 min method) m/z 346 [M]+ @ Rt 2.51 min. 

(2S)-2-[(S)-Hydroxy(phenyl)meto^ (6Ca) and 

(2S)-2-[(jR)-Hydroxy(phe^ (6Cb) and 

(2R)-2-[(S)~Hydroxy(phenyl)me&^ (6Cc) and 

(2fl)-2-[(#)-Hydroxy(phenyl)meto^ (6Cd) 
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To a stirred solution of 2C (5.02 g, 26 mmol) in anhydrous tetrahydrofiiran (25 
ml) under nitrogen at -78°C was added lithium diisopropylamide (1.5 eq, 39 mmol, 19.5 
5 ml of a 2M solution in heptane/tetrahydrofuran/ethylbenzene) over approximately 20 

minutes, whilst maintaining the reaction temperature below -75°C. The resulting brown 
solution was stirred for a further 30 minutes at -78°C, before being added over 
approximately 30 minutes to a solution of benzaldehyde (1.2 eq, 3.29 g, 31 mmol) in 
anhydrous tetrahydrofiiran (15 ml) under nitrogen at -78°C, whilst again maintaining the 

1 0 reaction temperature below -75°C. The resulting yellow solution was stirred at -78°C for 

1 hour, before being allowed to warm to room temperature slowly over 1 hour. The 
reaction mixture was cautiously quenched by addition of saturated ammonium chloride 
solution (50 ml) and the tetrahydrofiiran was evaporated in vacuo. The resulting cloudy 
aqueous solution was extracted with dichloromethane, and the organic extracts were 

15 combined, washed with brine, dried over sodium sulphate and the dichloromethane 

evaporated in vacuo to give a thick brown oil (9.2 g), which partially crystallised on 
standing. After purification by flash column chromatography (eluent: ethyl 
acetate/dichloromethane 10/90 to 20/80 gradient [v/v]) 6Ca 9 6Cb was obtained as light 
red crystals (2.46 g, 32%); MW 297.36; C 18 H 19 N0 3 ; *H NMR (CDCI3): 7.36-7.41 (2H, m), 

2 0 7.16-7.31 (6H, m), 6.86-6.91 (2H, m), 5.14 (1H, d, J 3 Hz), 4.71 (1H ,d, 14 Hz), 4.48 (1H, 

d, J 3 Hz), 4.25 (1H, d, 14 Hz), 4.20 (1H, br, s), 3.89 (1H, ddd, 12 Hz, 3 Hz, 2 Hz), 3.67 
(1H, dt, 1 1 Hz, 3 Hz), 3.16 (1H, dt, 12 Hz and 4 Hz), 2.86 (1H, br, d, 12 Hz); LCMS: m/z 
298 [M+H]+ @ Rt 1.24 min. 6Cc, 6Cd was isolated as a brown solid (1.42 g) 
contaminated with 2C. Trituration with ethyl acetate afforded pure 6Cc,6Cd as a white 

2 5 solid (0.484 g, 6%); MW 297.36; C 18 H 19 N0 3 ; *H NMR (CDCI3): 7.55-7.61 (2H, m), 7.36- 

7.50 (6H, m), 7.25-7.31 (2H, m), 5.21 (1H, d, 2 Hz), 5.09 (1H, d, J 7 Hz and 2 Hz), 4.73 
(2H, s), 4.37 (1H, d, J 8 Hz), 4.01 (1H, ddd, 12 Hz, 3 Hz, 2 Hz), 3.77 (1H, dt, 1 1 Hz, 4 
Hz), 3.50 (1H, dt, 12 Hz, 4 Hz), 3.16 (1H, br, d, 12 Hz); LCMS: m/z 298 [M+H]+ @ Rt 
1.24 min. 
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(5)-Phenyl[(2S)-4-(phenylmethyI)moi^holin-2-yl]methanoI (4Ca) 
and 

(if)-Phenyl[(2lf)-4.(phenylmethyl)morphoIin-2-yl]me 



5 




To a solution of 6Ca,6Cb (0.033 g, 1.1 mmol) in anhydrous THF (5 ml) under 
nitrogen at room temperature was slowly added borane (4 eq, 4.4 ml of a 1M solution in 
tetrahydrofuran, 4.4 mmol). The solution was stirred at 60°C for 2 hours. After cooling 
down to room temperature, dry methanol (2 ml) was slowly added to quench excess 

10 borane reagent. After addition of aqueous hydrochloric acid solution (2 ml of a 1M 

solution) the reaction mixture was heated to 60°C for 1 hour. The organic solvents were 
evaporated in vacuo and the concentrated solution was poured onto aqueous potassium 
carbonate solution (10 ml of a 1M solution) and extracted with diethyl ether (2 x 20 ml). 
The combined organic layers were washed with brine, water, dried over magnesium 

15 sulphate and concentrated in vacuo. Purification by flash column chromatography 

(eluent: hexane/ethyl acetate/triethylamine 90/9/1 [v/v/v]) gave a viscous oil (0.19 g, 
60%); MW 283.37; C JH^NO,; *H NMR (CDC13): 7.45-7.32 (10H, m), 4.67 (1H, d, 7 
Hz), 4.03 (1H, dt, 11 Hz, 2.7 Hz), 3.86-3.73 (2H, m), 3.64 (1H, d, 13 Hz), 3.39 (1H, d, 13 
Hz), 3.30 (1H, br, s), 2.68 (1H, d, 13 Hz), 2.56 (1H, d, 11 Hz), 2.28-2.15 (2H, m); LCMS: 

20 m/z 284 [M+H]+ @ Rt 0.95 min. 

(/f)-[(2S)-4-Benzylmorpholinyl](phenyl)methanol (4Cc) 
and 

(S)-[(2K)-4-BenzylmorphoIinyl](phenyl)methanol (4Cd) 
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Using the procedure described for the preparation of 4Ca,4Cb starting from 
6Cc,6Cd (0.14 g, 0.45 mmol) 4Cc,4Cd was obtained as a viscous oil (0.Q98 g 9 68%); 
MW 283.37;.C I8 H 21 N0 2 ; 2 H NMR (CDCI3): 7.17-7.28 (10H, m), 4.80 (1H, d, 4 Hz), 3.88 
(1H, dt, 11 Hz, 3 Hz), 3.72 (1H, m), 3.61-3.68 (1H, m), 3.50 (1H, d, 13 Hz), 3.25 (1H, d, 
13 Hz), 2.52 (2H, br, t, 12 Hz), 2.17 (1H, t, 11 Hz), 2.08 (1H, td, 11 Hz, 3 Hz); LCMS: 
m/z 284 [M+H]+ @ Rt 0.98 min. 

(2S)-2-[(J?)-Bromo(phenyl)methy^ (5Ca) 
and 

(2/?)-2-[(S)-Bromo(phenyl)methyI]-4-(phenylmethyl)morpholine(^ 



To a solution of 4Ca,4Cb (10.27 g, 36.29 mmol) in anhydrous dichloromethane 
(150 ml) under nitrogen at room temperature was added freshly recrystallised 
triphenylphosphine (13.32 g, 50.80 mmol, 1.4 eq) followed by carbon tetrabromide 
(16.85 g, 50.8 mmol, 1.4 eq) as a solution in anhydrous dichloromethane (50 ml). After 
15 minutes the reaction mixture was diluted with dichloromethane (100 ml) and washed 
with saturated aqueous solution of sodium hydrogencarbonate, brine, dried over 
magnesium sulphate and concentrated in vacuo to give an orange oil (42.0 g). To the 
orange oil was added diethyl ether (200 ml) and the resulting suspension was sonicated 
for 30 minutes. The solvent was decanted and the process repeated with a further portion 
of diethyl ether. The combined organic extracts were concentrated in vacuo to yield an 
orange solid (22.0 g) which was purified by flash column chromatography (eluent: ethyl 
acetate/hexane/triethylamine 10/89.5/0.5 [v/v/v]) SCa^Cb was otained as a white solid 
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(7.20 g, 57%). Alternative Work-up: The reaction mixture was poured onto a silica (160 
g) filtration pad which was washed with dichloromethane (14 x 250 ml). After removal of 
solvents in vacuo and purification by flash column chromatography (eluent: ethyl 
acetate/hexane/triethylamine gradient 5/94.5/0.5 to 10/89.5/0.5 [v/v/v]) to give a white 
solid (6.05 g, 48%); MW 346.27; C I8 H 2cr BrNO; *H NMR (CDCy: 7.14-7.39 (10H, m), 
4.83 (1H, d, 7 Hz), 4.01 (1H, br, t, 8 Hz), 3.73 (1H, br, d, 11 Hz), 3.48-3.60 (2H, m), 3.39 
(1H, d, 12 Hz), 3.20 (1H, d, 11 Hz), 2.50 (1H, d, 10 Hz), 2.07 (2H, t, 11 Hz); LCMS: m/z 
348/346 [M+H]+ @ Rt 1.20 min. 

4-[(LR)-l-Phenylethyl]morphoUne-(2^)-carbonitrile (47Ca) 
and 

4-[(lJ?)-l-Phenylethyl]morpholme-(2i?)-carbonitrile(47Cb) 



To (i?)-(-)-2-hydroxyethyl-a-phenethylamine (1.65 g, 10.0 mmol) in diethyl ether 
(10ml) was added at room temperature 2-chloroacrylonitrile (0.80 ml, 10.0 mmol) with 
stirring. The mixture was stirred at room temperature for 4.5 days when additional 2- 
chloroacrylonitrile (0.8 ml, 10.0 mmol) was added. After stirring another 3.5 days, the 
reaction mixture was concentrated in vacuo to give an oil. The oil was dissolved in dry 
tetrahydrofuran (30 ml), cooled under nitrogen to 0°C and potassium terr-butoxide (1.23 
g, 11.0 mmol) added. The solution was stirred at 0°C for 2 hours then at reflux for 1.5 
hours, cooled, diluted with diethyl ether and washed with aqueous saturated sodium 
bicarbonate. The organic phase was extracted with 2N hydrochloric acid and the aqueous 
made basic by addition of solid sodium bicarbonate and extracted with diethyl ether. The 
organic phase was dried over magnesium sulphate, filtered and evaporated to a brown oil. 
The crude product was purified by flash chromatography (eluent: ethyl acetate/hexane 



gradient 100% ethyl acetate to 50/50 [v/v]) to give 47Ca,47Cb as a colourless oil (0.58g, 
27%%); MW 216.29; C l3 H 16 N 2 0; l H NMR (CDCy 7.25-7.38 (5H, m), 4.6 (1H, dd), 4.54 
(1H, dd), 3.91-4.06 (2H, m), 3.66-3.82 (2H, m), 3.39-3.49 (2H, m), 2.30 -2. 89 (4H, m), 
1.39 (3H, d). m/z [M+Hf 217. 




N 
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Phenyl{(25)-4-[(l/?)-l-phenylethyl]morpholin-2-yl}methanone(48Ca) 

and 

Phenyl{(2K)-4-[(lR)-l-phenylethyI]m6rphoIin-2-yl}methanone(48Cb) 




5 Pfi ** Pri ""* 

To a stirred solution of 47Ca,47Cb (0.57 g, 2.64 mmol) in dry tetrahydrofurane 
(10 ml) at 0°C under nitrogen was added a solution of phenylmagnesium chloride in 
tetrahydrofurane (2.0 M, 2.67 ml) dropwise over 2 minutes. The pale yellow solution was 

10 stirred at 0°C for 30 minutes and then allowed to warm to room temperature. After 2 

hours the mixture was cooled, quenched with 2M hydrochloric acid and was stirred 
vigorously for 1 hour at room temperature. After addition of water and extraction with 
ethyl acetate, the combined organic layers were washed with brine, dried over magnesium 
sulphate, filtered and evaporated to give an oil (0.63 g). After purification by column 

15 chromatography (eluent: ethyl acetate/hexane gradient 0/100 to 20/80 [v/v]) 48Ca was 

obtained as an oil (0.15 g, 19%%); MW 295.38; C^.NO,; ! H NMR (CDCI3) 8.00 (2H, 
d), 7.60 (1H, t), 7.50 (2H, t), 7.20-7.35 (5H, m), 4.96 (1H, d), 3.93-4.00 (1H, m), 3.70- 
3.80 (1H, m), 3.41 (1H, q), 3.25 (1H, br, d), 2.59 (1H, br, d), 2.13 -2. 36 (2H, m), 1.38 
(3H, d). m/z [M+H] + 296 followed by 48Cb as an oil (0.27 g, 35%%) 'H NMR (CDCI3) 

20 7.90 (2H, d), 7.54 (1H, t), 7.45 (2H, t), 7.20-7.38 (5H, m), 4.85 (1H, d), 4.05-4.12 (1H, 

m), 3.80-3.92 (1H, m), 3.43 (1H, q), 2.86-3.00 (2H, m), 2.29-2.40 (1H, m), 2.21 (1H, t), 
1.38 (3H, d). m/z [M+H] + 296. 



(i?)-Phenyl{(2S)-4-[(lR)-l-phenylethyl]morpholin-2-yl}methanol(50C) 
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Ph 



Ph 



A, 



To a stirred solution of 48Ca (0.08 g, 0.26 mmol) and triphenylsilane (0.34 g, 
1.31 mmol) in dichlorometharie (4 ml) cooled to 0°C was added boron trifluoride etherate 
(0.09 g, 0.66 mmol) followed by trifluoroacetic acid (0.36 ml, 63 mmol). The reaction 
mixture was allowed to warm to room temperature and diluted after three hours with 
dichloromethane (20 ml) and neutralised with aqueous sodium bicarbonate. The organic 
phase was dried over magnesium sulphate, filtered and evaporated to give the required 



product. This was purified as its hydrochloric acid salt crystallising from isopropanol and 
diethyl ether (0.05 g, 69%%); MW 297.4; C 19 H 23 N0 2 ; ! H NMR (CDC1 3 ) on free base 7.08- 
7.29 (10H, m), 4.78 (1H, d), 3.90-4.00 (1H, m), 3.57-3.68 (2H, m), 3.33 (1H, q), 2.53- 
2.64 (1H, m), 2.37-2.47 (1H, m), 2.09-2.26 (2H, m), 1.29 (3H, d). m/z [M+H] + 298. 

0R)-Phenyl{(2S)-44(lR)-l-phen^ 



To a solution of 50C (0.05 g, 0.17 mmol) in dichloromethane (1 ml) at room 
temperature was added polymer supported Hiinig's base ((Argonaut, 3.56 mmol/g, 0.089 
g, 0.32 mmol, 1.9 eq) and methanesulphonyl chloride (0.02 g, 0.19 mmol). The mixture 
was stirred under nitrogen for 6 hours then filtered and concentrated in vacuo. The crude 
product was purified by flash column chromatography (eluent: ethyl acetate/heptane 
33/67 [v/v]) to give 51C as a colourless oil (0.035 g, 55%%); MW 375.49; CJtLJtO^S l K 
NMR (CDCI3) 7.20-7.35 (10H, m), 5.46 (1H, d), 3.79-3.88 (2H, m), 3.59 (lH,td), 3.4 
(1H, q), 2.68-2.78 (2H, m), 2.68 (3H, s), 2.03-2.24 (2H, m), 1.34 (3H, d). m/z [M+H] + 
376. 



(51C) 




Ph 



X 
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(2S)-4-[(lR)-l-Phenylethyl]-2-((S)-phenyl{[2- 
(trifluoromethyl)phenyl]thio}methyl)morpholine (52C) 



A mixture of 51C (0.035 g, 0.093 mmol), potassium carbonate (0.026 g, 0.19 
mmol) and 2-trifluoromethylbenzenethiol (0.084 g, 0.47 mmol) in dry, degassed 
dimethylformamide (0.5 ml) was stirred under nitrogen at room temperature for 3 days. 
The reaction mixture was diluted with water and extracted with diethyl ether. The extracts 
was washed with water and brine, dried over magnesium sulphate, filtered and evaporated 
to give a colourless oil (0.03 g, 71%). Purification by flash column chromatography 
(eluent: ethyl acetate/heptane 20/80 [v/v]) gave 52C as a colourless oil (0.03 g, 71%); 
MW 457.56; CJH^F^OS l U NMR (CDCI3) 7.53 (1H, d), 7.10-7.28 (13H, m), 4.39 (1H, 
d), 3.85-4.04 (2H, m), 3.8 (1H, td), 3.35 (1H, q), 2.70 (1H, d), 2.40 (1H, d), 2.30 (1H, td), 
2.10-2.20 (1H, m), 1.29 (3H, d). m/z [M+H] + 458. 

Example 1C; (25V2-ff5VPhenvKr2-ftrifluoromethvnphenvl1 thiolmethvl) 
morpholine (9C) 
(*S>Phenyl[(2S)-4-(phenylm^ 
sulfide (8C) 



Compound 8C was obtained from 5Ca (4.00 g, 11.55 mmol), 2-trifluoromethyl 
thiophenol (2.47 g, 13.86 mmol, 1.2 eq) and caesium carbonate (4.95 g, 15.24 mmol, 1.1 
eq) in dimethylformamide (60 ml) as a brown oil following a modification of General 
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Procedure 1C in which the reaction was carried out over 1 hour (6.04 g). The oil was 
purified by flash column chromatography (eluent: hexane/ethyl acetate gradient 100 to 
90/10 [v/v]) to give a yellow oil (4.83 g, 94%); MW 443.54; C 25 H 24 F 3 NOS; *H NMR 
(CDCI3): 7.60 (1H, dd, 7 Hz, 1 Hz), 7.17-7.39 (13H, m), 4.50 (1H, d, 7 Hz), 3.97-4.12 
(2H, m), 3.73 (1H, dt, 10 Hz, 2 Hz), 3.59 (1H, d, 13 Hz), 3.37 (1H, d, 13 Hz), 2.57-2.68 
(2H, m); 2.18-2.38 (2H, m); LCMS (2.5 minute method): m/z 445 [M+H]+ @ Rt 1.50 



(2S)-2-((S)-Phenyl{[2<trifluorom 



Compound 9C (Example 1C) was obtained from 8C (5.25 g, 11.84 mmol), solid 
supported Hunig's base (Argonaut, 3.56 mmol/g, 6.64 g, 23.67 mmol, 2 eq) and a- 
chloroethyl chloroformate (3.83 ml, 35.51 mmol, 3 eq) in anhydrous dichloromethane (75 
ml) following General Procedure 2Ca. After evaporation of solvents a light brown solid 
(5.60 g) was obtained which was recrystallised from iso-propanol. The solid was 
suspended in ethyl acetate and washed with an aqueous solution of sodium hydroxide (50 
ml of a 1M solution). The organic layer was washed with brine, dried over magnesium 
sulphate and concentrated in vacuo to yield the free amine as a colourless oil (3.10 g, 
74%); MW 353.41; C l8 H 18 F3NOS; *H NMR (CDCI3): 7.46 (1H, d, 8 Hz), 7.24 (1H, d, 7 
Hz), 7.05-7.2 (7H, m), 4.28 (1H, d, 8 Hz), 3.92 (1H, d, 11 Hz), 3.80 (1H, q, 7 Hz), 3.58 
(1H, dt, 2 Hz and 11 Hz), 2.69-2.87 (2H, m), 2.59 (2H, d, 6 Hz), 2.13-1.90 (1H, br s); 
LCMS (10 minute method): m/z 354 [M+H]+ @ Rt .5.26 min. The hydrochloride salt of 9 
was obtained following General Procedure 3C. 

An alternative method for the preparation of compound 9C (Example 1C), 
according to Scheme 6C, is as follows: 

To a suspension of polymer supported Hunig's base (0.11 g, 0.40 mmol) and 52C 
(0.03 g, 0.066 mmol) in dry dichloromethane (1 ml) was added a-chloroethyl 



min. 
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chloroformate (0.09 g, 0.066 mmol) at room temperature under nitrogen. The mixture 
was stirred at room temperature over the weekend then filtered and concentrated in 
vacuo. This was taken up in methanol, heated at 70°C for 2 hours, cooled, and purified by 
SCX chromatography (eluent: ammonia/methanol 1/1 [v/v]) to give 9C as a colourless oil 
(0.01 g, 43%). The spectroscopic data for 9C obtained by the route outlined here was 
identical to the data for 9C obtained as described above. 

Example 2C: (25)-2-((S)-PhenvUr2-(tMomethvnphenvl1thiolmethvn morpholine 
(HO 

(2S)-2-[(S)-{[2^methyltMo)phenyI]tWo}(phenyI)methyl]-4 
(phenylmethyl)morpholine (10C) 

IX) 

& 

Compound 10C was obtained from 5Ca (4.0 g, 11.55 mmol), 2-methylsulphenyl- 
thiophenol (2.17 g, 13.86 mmol, 1.2 eq) and caesium carbonate (4.42 g, 13.63 mmol, 1.18 
eq) in dimethylformamide (35 ml) following a modification of General Procedure 1C in 
which the mixture was heated at 50°C for 1.5 hours, allowed to cool to room temperature, 
taken up in methanol and treated with SCX-2 (100 g). The SCX-2 was washed with 
methanol. 10C was obtained as a white solid (4.92 g) after SCX chromatography (eluent: 
ammonia/methanol 1/1 [v/v]) and removal of solvents in vacuo. Purification by flash 
column chromatography (eluent: ethyl acetate/isohexane gradient 10/90 to 30/70 [v/v]) 
gave 10C as a white solid (4.04 g, 83%); MW 421.63; CJH^OS,; 'H NMR (CDCI3): 
7.03-7.15 (6H, m), 6.93-6.99 (2H, m), 6.74 (1H, td, 7 Hz, 1 Hz), 4.31 (1H, d, 8 Hz), 3.95 
(1H, br, d, 12 Hz), 3.83 (1H, td, 8 Hz, 3.8 Hz), 3.59 (1H, td, 11 Hz and 3 Hz), 2.82 (1H, 
td, 12 Hz and Hz), 2.61-2.75 (3H, m), 2.35 (3H, s), 1.73 (1H, br, s); LCMS (6 minute 
method): m/z 422 [M+H]+ @ Rt 3.36 min. 



(2^-2-((S)-Phenyl{[2-(trmuoromemyl)phenyl]tbio}methyl)morpholme(llC) 
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'IX) 

H 

Compound 11C (Example 2C) was obtained from 10C (4.02 g, 9.53 mmol), solid 
supported Hunig's base (Argonaut, 3.56 mmol/g, 5.02 g, 17.87 mmol, 2 eq) and a- 
chloroethyl chloroformate (3.09 ml, 28.6 mmol, 3 eq) in anhydrous dichloromethane (75 
ml) following General Procedure 2Ca. The mixture was heated at 40°C for 1.5 hours 
then left to stir at room temperature overnight. The reaction mixture was filtered and 
concentrated in vacuo to give a pale orange liquid. This was taken up in methanol (70 ml) 
and heated at 40°C for 2 hours. A white solid crashed out of the solution which was taken 
up in methanol and purified by SCX chromatography (eluent: ammonia/methanol 1/1 
[v/v]). After evaporation in vacuo 11C was obtained as a pale yellow oil (3.13 g, 99%); 
MW 331.50; C 18 H 21 NOS 2 ; l H NMR (CDCI3): 7.03-7.15 (6H, m), 6.93-6.99 (2H, m), 6.74 
. (1H, td, 7 Hz, 2 Hz), 4.31 (1H, d, 8 Hz), 3.95 (1H, br, d, 12 Hz), 3.83 (1H, td, 8 Hz, 4 
Hz), 3.59 (1H, td, 11 Hz, 3 Hz), 2.82 (1H, td, 12 Hz, 3 Hz), 2.61-2.75 (3H, m), 2.35 (3H, 
s), 1.73 (1H, br, s). Compound 11C was converted into its hydrochloride salt following a 
modification of General Procedure 3C in which the pale yellow oil was taken up in 
isopropanol (-200 ml) and filtered. Addition of hydrogen chloride (19 ml of a 1M 
solution in diethyl ether, 19 mmol) gave a white precipitate to which further diethyl ether 
(-50 ml) was added. The solid was isolated by filtration and washed with diethyl ether to 
give the hydrochloride salt of 11C as a white solid (3.03 g, 78%); MW 367.96; 
C^CINOS^ *H NMR (CDCI3): 9.94 (2H, br, s), 7.06-7.18 (6H, m), 6.94-7.03 (2H, m), 
6.78 (1H, t, 7 Hz), 4.24-4.32 (1H, m), 4.20 (1H, d, 6 Hz), 3.89-4.06 (2H, m), 3.18 (2H, br, 
t, 12 Hz), 2.99 (2H, br, s), 2.37 (3H, s); LCMS (10 minute method): m/z 332 [M-HC1]+ 
@ Rt 5.07 min. 

Example 3C: a^-2-rr5V(f2-a-methvlethvnDhenvIlthioKphenvnmcthvIinorpholine 
03Q 

(2S)-2-[(SM[2-(l-met^ 
(phenylmethyl)morpholine (12C) 
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Compound 12C was obtained from 5Ca (4.04 g, 11.66 mmol), 2- 
isopropylsulphenyl-tbiophenol (2.35 ml, 14 mmol, 1.2 eq) and caesium carbonate (4.56 g, 
14 mmol, 1.2 eq) in dimethylformamide (35 ml) following a modification of General 
Procedure 1C in which the mixture was heated at 90°C for 20 minutes, allowed to cool 
to room temperature, taken up in ethyl acetate (50 ml), washed with water and brine, 
dried over sodium sulphate, filtered and reduced in vacuo to give a yellow oil which was 
purified by SCX chromatography (eluent: ammonia/methanol 1/1 [v/v]). Removal of 
solvents in vacuo, gave 12C as a white solid (4.45, 91%); MW 417.62; Cj^NOS; *H 
NMR (CDCI3): 7.14-7.26 (7H, m), 7.03-7.1 (6H, m), 6.86-6.92 (1H, m), 4.10 (1H, d, 8 
Hz), 3.88-3.94 (2H, m), 3.62 (1H, td, 11 Hz, 2 Hz), 3.37-3.47 (2H, m), 3.22 (1H, d, 13 
Hz), 2.50 (2H, d, 11 Hz), 2.12-2.29 (2H, m), 1.05 (3H, d, 7 Hz), 0.92 (3H, d, 7 Hz); 
LCMS (6 minute method): m/z 418 [M+H]+ @ Rt 3.72 min. 

(25)-2-[(5)-{[2-(l-methylethyl)phenyl]thioKphenyl)methyl]morpholine(13C) 



Compound 13C (Example 3C) was obtained from 12C (4.44 g, 10.65 mmol), 
solid supported Hiinig's base (Argonaut, 3.56 mmol/g, 6.05 g, 21.54 mmol, 2 eq) and ct- 
chloroethyl chloroformate (3.30 ml, 32.0 mmol, 3 eq) in anhydrous dichloromethane (50 
ml) following General Procedure 2Ca. The mixture was heated at 40°C for 1.5 hours 
then left to stir at room temperature overnight. The reaction mixture was filtered and 




H 
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concentrated in vacuo to give a pale yellow liquid. This was taken up in methanol (50 ml) 
and heated at 60°C for 1.5 hours. The reaction mixture was allowed to cool to room 
temperature and purified by SCX chromatography (eluent: ammonia/methanol 1/1 [v/v]) 
to give 13C as a pale yellow oil; MW 327.49; CJiJSfOS; J H NMR (CDCI3): 7.22 (1H, d, 
8 Hz), 7.03-7.13 (7H, m), 6.87-6.92 (1H, m), 4.04 (1H, d, 8 Hz), 3.94-3.99 (1H, m), 3.79 
(1H, td, 9 Hz, 3 Hz), 3.61 (1H, td, 11 Hz, 3 Hz), 3.41 (1H, sept., 7 Hz), 2.82 (1H, td, 12 
Hz and 3 Hz), 2.72 (1H, br, d, 12 Hz), 2.52-2.63 (2H, m), 1.70 (1H, br, s), 1.05 (3H, d, 7 
Hz), 0.91 (3H, d, 7 Hz). Compound 13C was converted into its hydrochloride salt 
following a modification of General Procedure 3C in which the pale yellow oil was 
taken up in ether (50 ml), and filtered. Addition of hydrogen chloride in dry diethyl ether 
(19 ml of a 1M solution in diethyl ether) gave a white precipitate to which further diethyl 
ether (50 ml) was added. The reaction mixture was concentrated and the residue washed 
with diethyl ether to give a white solid (2.76 g, 69% overall yield from 5Ca); MW 
363.95; C 2 ^NOS.HCl; l H NMR (CDCI3): 9.91 (2H, br, s), 7.05-7.22 (7H, m), 6.91-6.96 
(2H, m), 4.23-4.31 (1H, m), 4.08-3.90 (3H, m), 3.31-3.41 (1H, m), 3.04-3.21 (2H, br, m), 
2.91-2.99 (2H, br, m), 1.06 (3H, d, 7 Hz), 0.93 (3H, d, 7 Hz); LCMS (10 minute method): 
m/z 327 [M-HC1]+ @ Rt 5.7 min. 

Example 4 C: aS^24(iSVaiq'-Biphepvll-2-v^ (ISO 

(2S)-2-[(S)-([l^BiphepyI]^ 

(14Q 



Compound 14C was obtained from 5Ca (2.16 g, 6.24 mmol), 2-phenylsulphenyl- 
thiophenol (2.35 ml, 14 mmol, 1.2 eq) and caesium carbonate (2.43 g, 7.5 mmol, 1.2 eq) 
in dimethylformamide (50 ml) following a modification of General Procedure 1C in 
which the mixture was heated at 90°C for 20 minutes, allowed to cool to room 
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temperature, taken up in ethyl acetate (50 ml), washed with water and brine, dried over 1 
sodium sulphate, filtered and reduced in vacuo to give a yellow oil. Purification by SCX- 
chromatography (eluent: ammonia/methanol 1/1 [v/v]) followed by evaporation in vacuo 
gave 14C as a white solid (0.59 g, 90%); MW 451.64; CJL^NOS; 'H NMR (CDCI3): 
6.93-7.34 (19H, m), 3.92 (1H, br, d, 6 Hz), 3.63-3.76 (2H, m), 3.45 (1H, t, 10 Hz), 3.33 
(1H, d, 13 Hz), 3.17 (1H, d, 12 Hz), 2.39 (1H, d, 12 Hz), 2.20 (1H, d, 11 Hz), 1.97-2.07 
(1H, m), 1.82-1.92 (1H, m); LCMS (6 minute method): m/z 452 [M+H]+ @ Rt 3.69 min. 

(25)-2-[(5)-([l,l'-Biphenyl]-2-yltbio)(phenyl)methyl]morpholine(15C) 



Cfo 

H 

Compound 15C (Example 4C) was obtained from 14C (2.95 g, 6.54 mmol), solid 
supported Htinig's base (Argonaut, 3.56 mmol/g, 13.06 g, 21.54 mmol, 2 eq) and a- 
chloroethyl chlorofonnate (2.0 ml, 19.6 mmol, 3 eq) in anhydrous dichloromethane (50 
ml) following General Procedure 2Ca. The reaction mixture was concentrated in vacuo 
to give a pale yellow liquid. This was taken up in methanol (70 ml) and heated at 40°C 
for 2 hours. A white solid crashed out of the solution which was taken up in methanol and 
purified by SCX-chromatography (eluent: ammonia/methanol 1/1 [v/v]). After removal of 
solvents in vacuo ISC was obtained as a pale yellow oil; MW 361.51; CJH^NOS; *H 
NMR (CDCI3): 7.0-7.45 (14H, m), 3.95 (1H, d, 8 Hz), 3.65-3.85 (2H, m), 3.35 (1H, d, 12 
Hz), 3.2 (1H, d, 12 Hz), 2.45 (1H, d, 10 Hz), 2.20 (1H, d, 10 Hz), 2.0-2.15 (1H, m), 1.8- 
2.0 (1H, m); LCMS (12 minute method): m/z 363 [M+H]+ @ Rt 3.00 min. ISC was 
converted into its hydrochloride salt following a modification of General Procedure 3C 
in which the pale yellow oil was taken up in isopropanol (-200 ml), and filtered. Addition 
of hydrogen chloride (19 ml of a 1M solution in diethyl ether) gave a white precipitate to 
which further diethyl ether (-50 ml) was added. The solid was isolated by filtration and 
washed with diethyl ether to give the hydrochloride salt of 15C as a white solid (1.95 g, 
75% overall yield from 5Ca); MW 397.97; CjjHqNOS.HCI; l H NMR (CDCI3): 9.80 (2H, 
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br, s), 7.38-7.03 (12H, m), 6.90-6.96 (2H, m), 3.85-4.00 (2H, m), 3.72-3.82 (1H, m), 3.66 
(1H, d, 5 Hz), 2.98-3.10 (1H, m), 2.81 (1H, br, s), 2.62 (2H, br, s); LCMS (12 minute 
method): m/z 362 [M+H]+ @ Rt 2.99 min. 

Example 5C: (2^-2-rf^ >-[(2-FluoroDhenvnthio1(phenvnmethvllmorDholine Q7Q 

(2S)-2-[(S)-[(2-Fluorophenyl)tWo](phenyl)methyl]-4-phenylmethyl)morpholine 
(16Ca) 

and 

(2i?)-24(i?)-[(2-F]uorophenyl)thio](phenyl)methyl]-4-phenylmethyl)morpholine 
(16Cb) 




Compounds 16Ca,16Cb were obtained from 5Ca,5Cb (0.114 g, 0.33 mmol), 2- 
fluorotbiophenol (0.045 g, 0.36 mmol, 1.2 eq) and caesium carbonate (0.12 g, 0.36 
mmol, 1.2 eq) in dimethylformamide (50 ml) following General Procedure 1C as a pale 
yellow oil (0.14 g, 65%); MW 393.53; C^rLJFNOS; *H NMR (CDCI3): 7.12-7.36 (12H, 
m), 6.87-6.99 (2H, m), 4.48 (1H, d, 8 Hz), 4.00-4.11 (2H, m), 3.77 (1H, td, 11 Hz, 2 Hz), 
3.60 (1H, d, 13 Hz), 3.37 (1H, d, 13 Hz); 2.63 (2H, t, 10 Hz), 2.16-2.31 (2H, m); LCMS 
(2.5 minute method): m/z 394 [M+H] + @ R, 1.41 min. 

(25)-24(5)-[(2-FIuorophenyl)thio](phenyl)methyl]morpholine(17Q 

IX) 

(To 

H 
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Compound 17C (Example 5C) was obtained from 16Ca,16Cb (0.72 g, 0.18 
mmol), solid supported Hiinig's base (Argonaut, 3.56 mmol/g, 2.0 g, 0.56 mmol, 3 eq) 
and a-chloroethyl chloroformate (0.62 ml, 0.56 mmol, 3 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil 
(0.046 g, 82%) from which 17C was obtained as a single isomer after separation by chiral 
HPLC (0.016 g); Chiral LC (AD): 10.83 min. LC purity = 91% (UV254nm) / 98% (ELS); 
LCMS (10 minute method): m/z 304 [M+H]+ @ Rt 5.82 min; HPLC purity = 84% 
(UV215nm) / 98% (ELS); MW 303.41; C 17 H 18 FNOS; *H NMR (CDCI3): 7.13-7.00 (7H, 
m), 6.87-6.76 (2H, m), 4.29 (1H, d, 9 Hz), 3.98-3.93, (1H, m), 3.78 (1H, td, 9 Hz and 4 
Hz), 3.60 (1H, td, 11 Hz and 3 Hz), 2.82 (1H, td, 12 Hz, 3 Hz), 2.76-2.70 (1H, m), 2.57- 
2.53, (2H, m), NH signal not observed; LCMS (10 minute method): m/z 304 [M+H]+ @ 
Rt 5.84 min; HPLC purity = 100%% (ELS). Compound 17C was converted into its 
hydrochloride salt following General Procedure 3C. 

Example 6C: r2^-2-r^-rf2^EthvlDhenvnthiol(nhenvnniethvllmorphoIinc (19Q 



(2S)-24(SM(2-EthylphenyI)tMo^ 



(2R)-24(£)-[(2-Ethylphenyl^^ 



Compounds 18Ca,18Cb were obtained from SCa^Cb (0.2 g, 0.58 mmol), 2- 
ethyl-thiophenol (0.16 g, 1.16 mmol, 2 eq) and caesium carbonate (0.23 g, 0.7 mmol, 1.2 
eq) in dimethylformamide (5 ml) following modification of General Procedure 1C in 
which the reaction mixture was heated to 95°C for 2 hours. After purification by flash 
column chromatography (eluent: ethyl acetate/hexane 9/1 [v/v]) 18Ca,18Cb was obtained 
as a white solid (0.15 g, 65%%); MW 403.59; C^H^OS; *H NMR (CDCI3): 6.96-7.40 



(18Ca) 



and 



(18Cb) 
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(14H, m), 4.22 (1H, d, 7 Hz), 3.96-4.01 (2H, m), 3.72 (1H, td, 11 Hz and 2 Hz), 3.52 (1H, 
d, 13 Hz), 3.32 (1H, d, 13 Hz), 2.68 (2H, q, 8 Hz), 2.59 (2H, br d, 12 Hz), 2.06-2.21 (2H, 
m), 1.12 (3H, t, 7 Hz); LCMS (2.5 minute method) m/z 404 [M+H]+ @ Rt 1.49 min. 

5 (2S)-2-[(5)-[(2-Ethylphenyl)thio](phenyl)methyl]morpholine (19C) 

H 

Compound 19C (Example 6C) was obtained from 18Ca,18Cb (0.18 g, 0.52 
mmol), solid supported Hiinig's base (Argonaut, 3.56 mmol/g, 3.7 g, 1.04 mmol, 2 eq) 
and a-cbloroethyl chloroformate (0.34 ml, 3.12 mmol, 3 eq) in anhydrous 

10 dichloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.21 

g, 86%) from which 19C was obtained after separation by chiral HPLC on chiral OD 
semi-preparative column; chiral LC (OD): 15.95 min. LC purity = 100% (UV254nm) / 
100% (ELS); MW 313.47; C^IL^NOS; 'H NMR (CDClj): 7.17 (1H, d, 8 Hz), 7.12-7.05 
(5H, m), 7.01 (2H, d, 4 Hz), 6.87-6.93 (1H m), 4.07 (1H, d, 8 Hz), 3.92-3.97 (1H, m), 

15 3.74-3.80 (1H, m), 3.59 (1H, td, 11 Hz, 3 Hz), 2.80 (1H, td, 12 Hz and 3 Hz), 2.71 (1H 

br, d, 12 Hz), 2.63-2.54 (4H, m), 1.64 (1H, br, s), 1.04 (3H, t, 8 Hz); LCMS (10 minute 
method): m/z 314 [M+HJ+ @ Rt 5.92 min. 19C was converted into its hydrochloride salt 
following General Procedure 3C; MW 349.93; C 19 H 23 NOS.HCl; X H NMR (CDCL.): 
10.10 (2H, br, s), 7.13-7.28 (8H, m), 7.02-7.08 (1H, m), 4.36 (1H, br, s), 4.01-4.17 (3H, 

20 br, m), 3.16-3.31 (2H, br, m), 2.92-3.09 (2H, br, m), 2.71 (2H, q, 8 Hz), 1.15 (3H, t, 7 

Hz). 

Example 7C:(2^-2-r(^-ir2^ethvloxv)phenvllthioKDhenvnmethvllmoroholine 

am 

2 5 (2S)-2-[(S)-{[2-(Methyloxy)phenyl]thioKphenyl)methyI]-4- 
(phenylmethyl)morpholine (20Ca) 

and . . 
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(2iR)-2-[(lf)-{[2-(Methyloxy)phen y l]tWo}(phen^ 
(phenylmethyl)morpholine (20Cb) 

Compounds 20Ca,20Cb were obtained from 5Ca,5Cb (0.18 g, 0.52 mmol), 2- 
methoxy thiophenol (0.074 ml, 0.57 mmol, 1.2 eq) and caesium carbonate (0.17 g, 0.52 
mmol, 1.2 eq) in dimethylformamide (5 ml) following modification of General 
Procedure 1C in which the reaction was heated at 95°C for 2.5 hours. After purification 
by flash column chromatography (eluent: ethyl acetate/hexane gradient 15/85 to 25/75 
[v/v]) 20Ca,20Cb was obtained as a viscous yellow oil (0.17 g, 83%); MW 405.56; 
C^H^C^S; 'H NMR (CDCI3): 7.01-7.26 (12H, m), 6.58-6.63 (2H, m), 4.39 (1H, d, 7 
Hz), 3.86-3.91 (2H, m), 3.71 (3H, s), 3.56-3.62 (1H, m), 3.42 (1H, d, 11 Hz); 3.21 (1H, d, 
11 Hz), 2.46-2.52 (2H, m), 2.01-2.11 (2H, m); LCMS (10 minute method): m/z 406 
[M+H] + @ R, 6.09 min. 

(2S)-2-[(S)-{[2-(Methyloxy)phenyl]thio}(phenyl)methyl]morphoIine(21C) 

to 
Co 

H 

Compound 21C (Example 7C) was obtained from 20Ca,20Cb (0.1 g, 0.25 
mmol), solid supported Hunig's base (Argonaut, 3.56 mmol/g, 1.78 g, 0.5 mmol, 2 eq) 
and a-chloroethyl chloroformate (0.16 ml, 1.5 mmol, 3 eq) in anhydrous dichloromethane 
(5 ml) following General Procedure 2Ca as a viscous yellow oil (0.06 g, 77%) from 
which 21C was obtained after separation by chiral HPLC on a Chiralcel OJ semi- 
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preparative column. Chiral LC: 11.45 min. LC purity = 100%; MW 315.44; C^NC^S; 
'H NMR (CDCI3): 7.14-7.34 (7H, m), 6.74-6.84 (2H, m), 4.50 (1H, d, 8 Hz), 4.10 (1H, d, 
11 Hz), 3.85-4.00 (4H, m), 3.74 (1H, dt, 1 Hz, 11 Hz), 2.82-3.02 (2H, m), 2.66-3.02 (3H, 
m); LCMS (10 minute method): m/z 316 [M+H]* @ R, 4.87 min. 21C was converted its 
hydrochloride salt following General Procedure 3C. 

Example 8C: (2S)-2-\(S)-({2-\(l- 

Methvlethvl)oxv]phenvllthio)(phenvnmethvnmorpholine(23C) 
(2S)-2-[(5)-({2-[(l-Meth y lethyl)ox y ]phenyl}thio)(phenyl)methyl]-4- 
(phenylmethyl)morpholine (22Ca) 
and 

(21f)-2-[(l?)<{2-[(l-MethyIethyl)o X y]phenyl>thio)(phen y l)methyl]-4- 
(phenylmethyl)morpholine (22Cb) 



Compounds 22Ca,22Cb were obtained from 5Ca,5Cb (0.57 g, 1.7 mmol), 2- 
isopropoxy-thiophenol (0.94 g, 5.61 mmol) and caesium carbonate (2.18 g, 6.72 mmol, 
1.2 eq) in dimethylformamide (15 ml) following modification of General Procedure 1C 
in which the reaction mixture was heated to 95°C for 3 hours. After purification by SCX 
chromatography (eluent: ammonia/methanol 1/1 [v/v]) 22Ca,22Cb was obtained as a 
dark yellow oil (0.56 g, 76%%); MW 433.62; C^NOjS; *H NMR (CDCL): 7.01-7.24 
(7H, m), 6.94-7.09 (5H, m), 6.64 (1H, d, 8 Hz), 6.56 (1H, td, 8 Hz, 1 Hz), 4.42-4.51 (2H, 
m), 3.83-3.92 (2H, m), 3.56 (1H, td, 11 Hz and 3 Hz), 3.42 (1H, d, 13 Hz), 3.24 (1H, d, 
13 Hz), 2.52 (1H, d, 11 Hz), 2.46 (1H, d, 11 Hz), 2.05-2.17 (2H, m), 1.29 (3H, d, 6 Hz), 
1.27 (3H, d, 6 Hz); LCMS (2.5 minute method): m/z 434 [M+H] + @ R,. 1.44 min. 




» 

(2S)-2-[(SM{24(l-MethylethyI)oxy]phenytf 
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H 

Compound 23C (Example 8C) was obtained from 22Ca,22Cb (0.56 g, 1.3 
mmol), solid supported Hunig's base (Argonaut, 3.56 mmol/g, 0.73 g, 2.6 mmol, 2 eq) 
and a-chloroethyl chloroformate (0.16 ml, 1.5 mmol, 3 eq) in anhydrous dichloromethane 
5 (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.41 g, 93%) after 

separation using chiral HPLC on a OD semi-preparative column. Chiral LC (OD): 12.51 
min. LC purity = 100% (UV254nm) / 100% (ELS); MW 343.49; CJH^NO^; 'H NMR 
(CDClj): 7.13-7.20 (1H, m), 6.96-7.12 (6H, m), 6.67 (1H, d, 8 Hz), 6.59 (1H, td, 7 Hz, 1 
Hz), 4.48 (1H, sept, 6 Hz), 4.38 (1H, d, 7 Hz), 3.90-3.95 (1H, m), 3.73 (1H td, 8 Hz, 4 

10 Hz), 3.54 (1H, td, 11 Hz and 3 Hz), 2.79 (1H, td, 12 Hz and 3 Hz), 2.62-2.72 (3H, m), 

1.55 (1H, br, s), 1.32 (3H, d, 6 Hz), 1.29 (3H, d, 6 Hz); LCMS (10 minute method): m/z 
344 [M+H]+ @ Rt 6.19 min; HPLC purity = 92% (UV215nm). 23C was converted into 
its hydrochloride salt following General Procedure 3C; MW 379.95; CJH 25 N0 2 S.HC1; 
'H NMR (CDCI3): 9.81-10.04 (2H, br, m), 7.03-7.25 (7H, m), 6.71 (1H, d, 8 Hz), 6.63 

15 (1H, t, 7 Hz), 4.51 (1H, sept., 6 Hz), 4.31 (1H, d, 6 Hz), 4.15-4.23 (1H, m), 3.83-4.03 

(2H, m), 3.05-3.18 (2H, m), 2.80-3.03 (2H, m), 1.31 (3H, d, 6 Hz), 1.29 (3H, d, 6 Hz). 

Example 9C: 2-ir(^-(2^>-Morpholin-2-vl(phenvnmethvllthio)plienvl 
trifluoromethvl ether C25C) 
2 0 (2S)-4-(Phenylmethyl)-2-[(S)-phenyl({2- 

[(trifluoromethyl)oxy]phenyl}thio)methyl]morpholine (24 Ca) 

and 

(2S)-4-(Phenylmethyl)-2-[(S)-phenyl({2- 

[(trifluoromethyl)oxy]phenyl}thio)methyl]morpholine (24Cb) 
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Compounds 24Ca,24Cb were obtained from 5Ca,5Cb (0.011 g, 0.33 mmol), 2- 
trifluoromethoxythiophenol (1.2 eq, 0.077g, 0.39 mmol) and caesium carbonate (0.15 g, 
0.47 mmol, 1.2 eq) in dimemylformamide (15 ml) following modification of General 
5 Procedure 1C in which the reaction was heated at 95°C for 1.5 hours. The reaction 

mixture was allowed to cool to room temperature, diluted with ethyl acetate (20 ml), 
washed sequentially with water and brine, dried over sodium sulphate and finally 
concentrated in vacuo to give a pale yellow oil (0.14 g, 92%); MW 459.53; C^H^FjNOjS; 
'H NMR (CDCl,): 7.13-7 '.41 (13H, m), 7.08-7.13 (1H, m), 4.51 (1H, d, 8 Hz), 3.99-4.07 
10 (2H, m), 3.73 (1H, td, 9 Hz, 2.5 Hz), 3.57 (1H, d, 13 Hz), 3.37 (1H, d, 13 Hz); 2.57-2.66 

(2H, m), 2.20-2.31 (2H, m); LCMS (10 minute method): m/z 460 [M+H] + @ R, 6.69 min. 

2-{[(S)-(2S)-Morpholin-2-yl(phenyl)methyl]thio}phenyl trifluoromethyl ether (25C) 

'CO 

H 

15 Compound 25C (Example 9C) was obtained from 24Ca,24Cb (0.06 g, 0.13 

mmol), solid supported Hunig's base (Argonaut, 3-56 mmol/g, 0.073 g, 0.026 mmol, 2 
eq) and a-chloroethyl chloroformate (0.04 ml, 0.39mmol, 3 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil 
(0.021 g, 44%) from which 25C was obtained after separation using chiral HPLC on a 

20 OD semi-preparative column. Chiral LC (OJ): 12.60 min. LC purity = 98% (UV^) / 

100% (ELS); MW 369.41; C l8 H 18 F3NO s S; 'H NMR (CDCL,): 7.02-7.21 (8H, m), 6.91-6.96 
(1H, m), 4.28 (1H, d, 8 Hz), 3.93 (1H, br, d 11 Hz), 3.75-3.81 (1H, m), 3.60 (1H, td, 11 
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Hz and 3 Hz), 2.71-2.86 (2H, m), 2.61 (2H, d, 6 Hz), 1.90 (1H br, s); LCMS (10 minute . 
method): m/z 370 [M+H] + @ R, 5.86 min. 

Example I PC; (2^-2-rf^-r(2-Methvlphenvnthiol(phenvl)methvllmorDholine (27Q 

(2S)-2-[(S)-[(2-MethyIphenyl)thio](phenyl)methyl]-4-(phenylmethyl)morpholine 

(26Ca) 



(2/?)-2-[(/f)-[(2-Methylphenyl)tbio](phenyl)methyl]-4-(phenylmethyl)morpholine 
(26Cb) 



Compounds 26Ca,26Cb were obtained from 5Ca,5Cb (0.1 g, 0.29 mmol), 2- 
methyl tbiophenol (0.04 ml, 0.31 mmol) and caesium carbonate (0.125 g, 0.37 mmol, 1.2 
eq) in dimethylformamide (15 ml) following General Procedure 1C as a colourless oil 
(0.13 g, 85%); MW 389.56; C^HJSTOS; 'H NMR (CDClj): 6.84-7.24 (14H, m), 4.14 (1H, 
d, 8 Hz), 3.85-3.95 (2H, m), 3.60 (1H, dt, 10 Hz, 3 Hz), 3.42 (1H, d, 13 Hz); 3.21 (1H, d, 
13 Hz), 2.46-2.54 (2H, m), 2.18 (3H, s), 1.97-2.13 (2H, m); LCMS (2.5 minute method): 
m/z 390 [M+H] + @ R, 1.49 min. 

(2S)-2-[(S)-[(2-Methylphenyl)tbio](phenyl)methyl]morphoUne(27C) 



Compound 27C (Example IOC) was obtained from 26Ca,26Cb (0.04 g, 0.12 
mmol), solid supported Hiinig's base (Argonaut, 3.56 mmol/g, 0.89 g, 0.24 mmol, 2 eq) 
and a-chloroethyl chloroformate (0.04 ml, 0.36mmol, 3 eq) in anhydrous 



and 





H 
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dichloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.03 
g, 75%) from which 27C was obtained after chiral separation. Chiral LC (OJ): 15.84 min. 
LC purity = 98.57% QJV^J; MW 299.44; C.^^OS; 'H NMR (CDCL.): 6.86-7.21 
(9H, m), 4.08 (1H, d, 7 Hz), 3.75. (1H, br s), 3.58 (1H, br s), 2.34-3.1 (4H, m), 2.20 (3H, 
s); 1.41-2.04 (2H, m); LCMS (10 minute method): m/z 300 [M+H] + @ 5.08 min. 27C 
was converted into its hydrochloride salt following General Procedure 3C. 

Example 11C; r2^-2-ff^-Phenvir(2-proDvlphenvnthiolmethvl>morDholine (29C) 
(S)-Phenyl[(25)-4-(phenylmethyl)morpholin-2-yl]methyl-2-propylphenyl sulfide 



(i?)-Phenyl[(2i?)-4-(phenylmethyl)morphoUn-2-yl]methyl-2-propylphenyI sulfide 



Compounds 28Ca,28Cb were obtained from 5Ca (0.53 g, 1.50 mmol), 2-w-propyl 
thiophenol (0.025 g, 1.65 mmol) and caesium carbonate (0.59 g, 1.8 mmol, 1.2 eq) in 
dimethylformamide (5 ml) following a modification of General Procedure 1C in which 
the reaction was heated at 95°C for 3 hours. After purification by SCX column 
chromatography (eluent: ammonia/methanol 1/1 [v/v]) 28Ca,28Cb was obtained as a 
dark yellow oil (0.56 g, 90%%); MW 417.62; C^.NOS; l H NMR (CDGI3): 7.23-7.12 
(6H, m), 7.06-7.11 (5H, m), 6.97-6.99 (2H, m), 6.87-6.92 (1H, m), 4.13 (1H, d, 8 Hz), 
3.86-3.94 (2H, m), 3.61 (1H, td, 11 Hz, 2 Hz), 3.44 (1H, d, 13 Hz), 3.23 (1H, d, 13 Hz), 
2.46-2.59 (4H, m), 2.01-2.14 (2H, m), 1.34-1.52 (2H, m), 0.83 (3H, t, 7 Hz); LCMS (2.5 
minute method): m/z 418 |M+H]* @ R, 1.55 min. 



(28Ca) 



and 



(28Cb) 




(2S)-2-{(5)-Phenyl[(2-propylphenyl)thio]methyl}morpholine(29C) 
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Compound 29C (Example 11C) was obtained from 28Ca,28Cb (0.56 g, 1.35 
mmol), solid supported Htinig's base (Argonaut, 3.56 mmol/g, 0.75 g, 2.7 mmol, 2 eq) 
and a-chloroethyl chloroformate (0.44 ml, 4.05 mmol, 3 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.41 
g, 93%); MW 327.49; CJH^NOS; ! H NMR (CDC1 3 ): 7.17 (1H, br, d, 7 Hz), 7.07-7.12 
(5H, m), 6.96-7.00 (2H, m), 6.88-6.93 (1H, m), 4.07 (1H, d, 8 Hz), 3.93-3.98 (1H; m), 
3.74-3.80 (1H, m), 3.60 (1H, td, 11 Hz, 3 Hz), 2.81 (1H, td, 12 Hz and 3 Hz), 2.72 (1H, 
br, d, 12 Hz), 2.48-2.62 (4H, m), 1.36-1.59 (3H, m), 0.83 (3H, t, 7 Hz); LCMS (2.5 
minute method): m/z 328 [M+H] + @ Rj 1.40 min (single major peak). 



Example 12C: Methyl 2-(r^-f25 r )-morpholin l-ylfphcnynniethyllthiolbenzoatc 



Methyl-2-({(S)-phenyl[(2S)-4-(phenylmethyl)morpholin-2-yl]methyl^ 



(30Ca) 
and 

Methyl-2-({(l?)-phenyl[(2i?)-4-(phenylmethyl)morpholin-2-yU 
(30Cb) 



Compounds 30Ca^30Cb were obtained from SCa^Cb (0.5 g, 1.45 mmol), methyl 
thiosalicylate (0.49 g, 2.89 mmol) and potassium carbonate (0.21 g, 1.52 mmol) in dry 
tetrahydrofurane (5 ml) following modification of General Procedure 1C in which the 



O 
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solvents were degassed and purged with nitrogen before the addition of methyl 
thiosalicylate. The reaction mixture was stirred at room temperature for 18 hours after 
which time the reaction mixture was poured onto water and extracted twice with diethyl 
ether. The organic layers were washed with water, dried and evaporated in vacuo. After 
purification by SCX column chromatography (eluent: ammonia/methanol 1/1 [v/v]) 
30Ca,30Cb was obtained as a colourless solid (0.18 g, 29%%); MW 433.57; C^H^NOjS; 
'H NMR (CDCI3): 8.65-8.85 (1H, m), 6.95-7.45 (13H, m), 4.45 (1H, d, 8 Hz), 3.85-4.05 
(1H, m), 3.8 (3H, s), 3.65 (1H, dt, 1 Hz and 7 Hz), 3.55 (1H, d, 11 Hz), 3.25 (1H, d, 11 
Hz), 2.5-2.6 (2H, m); 2.0-2.15 (2H, m); FJA: m/z 462 [M+H] + . 

Methyl 2-{t(S)-(25)-morpholin-2-yl(phenyl)methyl]tbio}benzoate (31C) 



O 




Compound 31C (Example 12C) was obtained from 30Ca,30Cb (0.2 g, 0.46 
mmol), solid supported Hunig's base (Argonaut, 3.56 mmol/g, 0.08 g, 2.77 mmol, 6 eq) 
and a-chloroethyl chloroformate (0.5 ml, 4.62 mmol, 10 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a white solid (0.16 g, 
91%) from which 31C was obtained after separation using chiral HPLC on chiral OJ 
semi-preparative column. Chiral LC (OJ): 12.32 min. LC purity = 100% (UV^); MW. 
343.45. 31 was converted into its hydrochloride salt following General Procedure 3C; 
J H NMR (d 6 -DMSO): 9.30-9.5 (1H, m), 7.75-7.80 (1H, m), 7.1-7.55 (8H, m), 4.82 (1H, d, 
8 Hz), 3.95-4.15 (2H, m), 3.65.3.9 (3H, m), 3.55 (3H, s), 2.80-3.25 (2H, m). 

Example 13C: (2^2-«iSW3-Fluorophenvl^^ 
morpholine (33Q 
(2S)-2-((S)-(3-MuorophenyM 
(phenylmethyl)morpholine (32Ca) 
and 
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(2«)-2-((«)-(3-Fluorophenyl){[2-(trifluoromethyl)phenyl]thio}methyl)-4- 
(phenylmethyl)morpholine (32Cb) 



Compounds 32Ca,32Cb were obtained as outlined in Scheme 5C from 
38Ca,38Cb (0.33 g, 0.91 mmol) following General Procedure 4C as a white solid after 
column chromatography (0.28 g, 67%); MW 461.53; C^H^NOS; l H NMR (CDC1 3 ) 
6.75-7.65 (1H, m), 6.85-7.33 (12H, m), 4.45 (2H, d, 8 Hz), 3.6-3.75 (2H, m), 3.45 (1H, d 
12 Hz), 3.3 (1H, d 12 Hz), 2.45-2.7 (2H, br, m), ), 2.1-2.3 (2H, br, m); FIA: m/z 462 
[M+H] + . 

(25)-2^(S)-(3-Fluorophenyl){[2-(trifluoromethyI)phenyl]thio}methyl)morpholine 



Compound 33C (Example 13C) was obtained from 32Ca^2Cb (0.28 g, 0.615 
mmol), solid supported Hunig's base (Argonaut, 3.56 mmoVg, 0.19 g, 0.68 mmol, 1.1 eq) 
and a-chloroethyl chloroformate (0.07 ml, 0.68 mmol> 1.1 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a colourless oil (0.22 g, 
95%) from which 33C was obtained after chiral chromatography on a Cbiralcel OJ semi- 
preparative column. Chiral LC (OJ): 13.33 min. LC purity = 98.37% (UV^); MW 
371.4; CjgH^^OS. LCMS (12 minute method): m/z 372 [M+H]+ @ Rt 5.2 min. 33C 
was converted into its hydrochloride salt following General Procedure 3C; MW 407.86; 




(33C) 
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C I8 H I7 F 4 NOS.HCl; 'H NMR (CDCI3) 9.8-10.2 (1H, br), 7.4-7.6 (1H, m), (6.85-7.45 (8H, 
m), 4.05^.45 (4H, br, m), 2.90-3.41 (4H, br, m). 

Example 14C:r25>-2-f(^^4-ChlorophenvlUr2-(trifluoromethvD phenvIltluo>methvn 
morpholine (350 

(2S)-2-((5)-(4-CWorophenyl){[2-(trifluoromethyl)phenyI]tliio}methyl)-4- 

(phenylmethyl)morpholine (34Ca) 

and 

(2/J)-2<(lJ)<4-Clilorophenyl){[2Ktrifluoromethyl)phenyl3tWo}methyl)-4- 
(phenylmethyl)morpholine (34Cb) 



Compounds 34Ca,34Cb were obtained as outlined in Scheme 5C from 
39Ca,39Cb (0.4 g, 1.06 mmol, 1.1 eq), cesium carbonate (0.33 g, 1.0 mmol, 1.1 eq), and 
2-trifluoromethyl benzene thiol (0.19 g, 1.06 mmol, 1.1 eq) following a modification of 
General Procedure 1C in which the reaction was stirred at room temperature for 1.5 
hours as a white solid after column chromatography (eluent: gradient hexane/ethyl acetate 
10/90 to 25/75[v/v]) (0.409g, 80%); MW 477.98; C^iyFjClNOS; 'H NMR (CDCI3) 7.1- 
7.65 (13H, m), 4.45 (1H, d, 8 Hz), 3.85-4.0 (2H, m), 3.55 (1H, m), 3.3 (1H, d 12 Hz), 3.3 
(1H, d 12 Hz), 2.45-2.65 (2H, br), ), 2.1-2.3 (2H, br, m); FTA: m/z 478 [M+H] + . 




F 



(2S)-2<(5)^4-CWorophenylK[2<trifluoromethyl)phenyl]tMo}methyl)moipholine 
(35C) 
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Compound 35C (Example 14C) was obtained from 34Ca,34Cb (0.41 g, 0.86 
mmol), solid supported Hunig's base (Argonaut, 3.56 mmol/g, 0.27 g, 0.94 mmol, 1.1 eq) 
and cc-chloroethyl chloroformate (0.10 ml, 0.94 mmol, 1.1 eq) in anhydrous 
5 dichloromethane (5 ml) following General Procedure 2Ca as a colourless oil (0.28 g, 

84% yield) from which 35C was obtained after separation using chiral HPLC on a 
ChiralPak-AD OJ semi-preparative column; MW 387.85; C 18 H 17 ClF 3 NOS; LCMS (12 
minute method): m/z 372 [M+H]+ @ Rt 5.2 min. 35C was converted into its 
hydrochloride salt following General Procedure 3C; MW 423.96; C 18 H 17 ClF 3 NOS.HCl; 
10 l H NMR (CDCI3): 9.8-10.2 (1H, br), 7.4-7.6 (1H, m), 7.07-7.35 (7H, m), 3.8-4.45 (4H, 

br, m), 2.85-3.45 (4H, br, m). 

Example 15C: aiyj-I-ffiS^^Fluorophenvniri- 
(methvloxv)phenvl1thio}methvl>morpholine (37C) 
1 5 (2S)-2^(S)-(2-Fluorophen^ 

(phenylmethyl)morpholine (36Ca) 
and 

(2R)-2K(«)<2-muorophenyl){[2-(methyloxy)phenyl]tMo}methyl)^- 
(phenylmethyl)morpholine (36Cb) 




Compounds 36Ca<36Cb were obtained from 7Ca,7Cb (0.45 g, 1.17 mmol), 
cesium carbonate (0.42 g, 1.29 mmol, 1.1 eq), and 2-methoxy-thiophenol (0.82 g, 5.87 
mmol) following a modification of General Procedure 1C in which the reaction mixture 
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was heated to 95°C for 2 hours and then stirred at room temperature for 18 hours. After 
purification by flash column chromatography (eluent: heptane/ethyl acetate 80/20 [v/v]) 
36Ca,36Cb was obtained as a colourless oil (0.36 g, 72%%); MW 423.55; C^H^FNOS; 
'H NMR (CDCl,): 6.65-7.5 (13H, m), 4.9 (1H, d, 7 Hz), 3.9-4.05 (2H, m), 3.8 (3H, s), 3.6 
5 (1H, dt, 8 Hz and 1 Hz), 3.45 (1H, d, 13 Hz), 3.15 (1H, d, 13 Hz), 2.60 (2H, t, 8 Hz), 

2.05-2.2 (2H, m); FIA: m/z 424 [M+H] + . 

(2S)-2^0S>(2-Fluorophenyl){[2-(memyto^ 




CIH 



10 Compound 37C (Example 15C) was obtained from 36Ca,36Cb (0.43 g, 1.02 

mmol), solid supported Hiinig's base (Argonaut, 3.56 mmol/g, 0.37 g, 1.12 mmol, 1.1 eq) 
and a-chloroethyl chloroformate (1.08 ml, 10.12 mmol,, 10 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a colourless oil (0.34 g, 
99%) after separation by chiral HPLC on a ChiralPak-AD semi-preparative column. 

15 Chiral LC: 12.86 min. LC purity = 99.1 (UV^J; MW 369.89; C.gByFNOS; FIA: m/z 

334 [M+Hf. 37C was converted into its hydrochloride salt following General 
Procedure 3C; MW 333.43; C 18 H 20 FNOS; 'H NMR (CDCI3): 7.2-7.3 (1H, m), 6.85-7.2 
(8H, m), 4.85 (1H, d, 8 Hz), 3.95-4.15 (2H, m), 3.85.3.9 (3H, m), 3.7 (1H, dt, 1 Hz and 7 
Hz), 2.6-3.0 (4H, m). 

20 

Example 16C: 2-r2-Methvl-l-(2-trifluoromethyl-phenvlsulfanvl)-propvl1- 
morpholine (56C) 

4-Benzyl-2-(l-hydroxy-2-methyl-propyl)-morpholin-3-one (53C) 
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To a stirred solution of 2C (5.05 g, 26.4 mmol) in tetrahydrofuran (25 ml) at - 
78°C under nitrogen was added lithium diisopropylamide (14.5 ml of a 2M solution, 29.0 
mmol) dropwise over 40 minutes. The reaction mixture was stirred at the same 
temperature over 30 minutes after which time a solution of isobutyraldehyde (2.63 ml, 
29.0 mmol) in tetrahydrofuran (15 ml) was added dropwise over 30 minutes. After one 
hour, the reaction mixture was allowed to warm to room temperature and quenched by 
addition of saturated ammonium chloride solution. Extraction with dichloromethane and 
drying over magnesium sulphate gave 53C as a mixture of diastereomers. Upon 
concentration in vacuo one diastereomer precipitated as a white solid (53Ca: 0.99 g). The 
remaining mother liquors were purified by column chromatography (30% ethyl acetate in 
hexane [v/v]) to give 53C (2.06 g). MW 263.34; C u H 21 N0 3 ; LCMS (6 min method): m/z 
286 [M+Na] + ; RT = 2.748. 

l-(4-Benzyl-morpholin-2-yl)-2-methyl-propan-l-ol (54C) 




To a stirred solution of 53C (1.97 g, 7.47 mmol) in tetrahydrofuran (50 ml) at 
room temperature under nitrogen was added borane-tetrahydrofuran complex (30 ml of a 
1M solution, ca 4 eq.). The reaction was heated to 60°C and followed by TLC-analysis. 
When all starting material had been consumed a few drops of methanol were added 
followed by a similar amount of IN hydrochloric acid and heating was continued for 
another hour. Organic solvents were removed in vacuo and the remaining solution was 
poured onto 1M potassium carbonate solution (30 ml), extracted with diethyl ether. The 
organic layers were dried over magnesium sulphate and purified by column 
chromatography (gradient from 15% ethyl acetate in hexane [v/v]) gave 54C (1.8 g, 
97%). MW 249.36; C^HysfO^ LCMS (6 min method): m/z 250 [M+H] + ; RT = 0.838. 

4-Benzyl-2-[2-methyI-l-(2-^^ 
(55C) 
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err 

Compound S5C was obtained from 54C in a two-step procedure. To a stirred 
solution of 54C (1.8 g, 7.2 mmol) in dichloromethane (50 ml) at room temperature was 
added solid solid supported Hiinig's base (Argonaut, 3.56 mmol/g, 6.2 g, 22 mmol, 3 eq) 
followed methanesulphonyl chloride (1.12 ml, 14 mmol). After stirring for one hour, the 
reaction mixture was filtered and the filtrates washed with brine and dried over 
magnesium sulphate to give the intermediate mesylate as a yellow oil (2.93 g of isolated 
crude product). The crude product was taken up in dry dimethylformamide (50 ml), 2- 
trifluoromethyl benzenethiol (2.1 ml, 14 mmol) and solid supported Hiinig's base 
(Argonaut, 3.56 mmol/g, 0.55 g, 1.95 mmol) were added and the mixture heated to 70°C 
and stirred for 72 hours. The reaction was quenched by addition of water (50 ml) and 
sodium hydroxide solution (70 ml of a 2N solution). The aqueous layer was extracted 
with diethyl ether (3x50 ml), washed with brine and dried over magnesium sulphate. 
Purification by ion-exchange chromatography followed by preparative HPLC gave 55C. 
MW 409.52; CJft^F^OS; LCMS (6 min method): m/z 410 [M+H] + ; RT = 3.398. 

242-Methyl-l-(2~trifluorom (56C) 

Compound 56C (Example 16C) was obtained from 55C (0.8 g, 1.95 mmol), solid 
supported Hiinig's base (Argonaut, 3.56 mmol/g, 1.65 g, 5.85 mmol, 3 eq) and a- 
chloroethyl chlorofonnate (0.4 ml, 3.9 mmol, 2 eq) in anhydrous dichloromethane (20 
ml) following General Procedure 2Ca as a colourless oil (0.5 g, 85% yield). Chiral 
HPLC on a ChiralCel-OD(3671) column using 50% heptane in ethanol [v/v] gave 2 
fractions (Rt = 8.793 min and 10.443 min). Conversion into fumarate salt 56C was 
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carried out by dissolving in diethyl ether and addition of small amount of methanol. Data 
for 56C derived from fraction with Rt = 8.793 min: MW 435.46; C 19 H 24 F 3 N0 5 S; 'H NMR 
(c^-MeOD): 6.2-6.3 (2H, m), 6.1-6.2 (1H, m), 5.2 (1H, s), 2.6-2.7 (2H, m), 2.2-2.4 (1H, 
m), 1.6-1.9 (4H, m), 1.6-1.7 (1H, m), -0.4- -0.5 (6H, m). 

Example 17C: 242-Methvl-l-(2-trifluoromethvl^ (5SO 
4-Benzyl-2-[2-methyl-l-(2-trifluoromethyl-phenoxy)-propyl]-morpholine (57C) 



To a solution of 53Ca (0.146 g, 0.585 mmol) in dry dimethylformamide (2 ml) 
under nitrogen and ice-cooling was added sodium hydride (26 mg of a 60% dispersion in oil, 
0.644 mmol) portionwise. The reaction was allowed to warm to room temperature for 30 
minutes before addition of 2-fluoro-benzotriflouride (0.07 ml, 0.66 mmol). After stirring for 
12 hours, another 0.5 equivalents of reagents were added and the reaction mixture heated to 
40°C for 30 minutes and then to 60°C for another 2 hours. The crude reaction mixture was 
purified by ion-exchange column chromatography followed by preparative HPLC to give 57C 
(0.208 g, 92% yield) MW 393.45; C22H26F3NO2; LCMS (6 min method): m/z 394 [M+H] + ; 
RT = 3.150. 

2-[2-Methyl-l-(2-trifluorometo (58C) 



Compound 58C (Example 17Q was obtained from 57C (0.21 g, 0.53 mmol), solid 
supported Hunig's base (Argonaut, 3.56 mmol/g, 0.45 g, 1.5 mmol, 3 eq) and a-chloroethyl 
chloroformate (0.1 1 ml, 1.06 mmol, 2 eq) in anhydrous dichloromethane (10 ml) following 
General Procedure 2C as a colourless oil (0.147 g, 92% yield) MW 303.33; C15H20F3NO2; 
*H NMR (CDCI3): 7.5-7.6 (1H, m), 7.2-7.4 (1H, m), 7.0-7.1 (1H, m), 6.8-6.95 (1H, m), 4.15- 





H 
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4.25 (1H, m), 3.6-3.9 (2H, m), 3.4-3.6 (1H, m), 2.6-2.9 (4H, m), 2.15 (1H, br, s)1.8-2.1 (1H, 
m), 1.1-1.2 (6H, m); LCMS (12 min method): m/z 304 [M+H] + ; RT = 4.862. 

The following examples illustrate compounds of of Formulae (ID) above and methods 
5 for their preparation. 

Scheme ID - Preparation of Intermediates 

l-Phenyl-3,4-dihydro-Jff-quinoIin-2-one (2Da) 

10 A stirred mixture of 3,4-Dihydro-i/?-quinolin-2-one (IDa) (1.47 g. 10 mmol), KfiO^ 

(2.9 g, 21 mmol), *rans-cyclohexane-l,2-diamine (240 pL, 2 mmol) and bromobenzene 
(3.16 mL, 30 mmol) in 1,4-dioxane (10 mL) was heated under a nitrogen atmosphere at 
125°C for 5 min to deoxygenate the, reaction mixture. Copper (I) iodide (380 mg, 2 mmol) 
was added in one portion and the reaction mixture was refluxed overnight at 125°C. After 

15 cooling to rt, the reaction mixture was poured into ethyl acetate (100 mL) and extracted 

with water. The organic layer was separated, dried over MgS0 4 and concentrated. 
Treatment of the residue with ether (100 mL) and cooling (ice bath) gave the product as a 
white solid after filtration (1.77 g, 79%). 

2 0 6-Fluoro-l-/?-tolyl-3 ? 4-dihydro-Ijy-quinolin-2-one (2Db) 

This was prepared using the method described for (2Da) using 6-Fluoro-3,4-dihydro-i/f- 
quinolin-2-one (lDb) (617 mg, 3.7 mmol) and 4-bromotoluene (1.91 g, 11 mmol) to give 
the crude product, which was purified using automated chromatography (silica) (0 to 60% 
ethyl acetate\cyclohexane gradient) to provide the product as a light brown solid (880 mg, 
25 92%). 

3-MethyI-l-phenyl-3,4-dihydro-J^-quinolin-2-one (3Da) 

To a soln of (2Da) (892 mg, 4 mmol) in anhydrous THF (40 mL) at -78°C under nitrogen 
was added LiHMDS (4.4 mL, 1M soln in hexanes, 4.4 mmol) dropwise over 10 min. The 

3 0 reaction mixture was left at -78°C for 30 min and then a solution of methyl iodide (298 

fiL, 4.8 mmol) in THF (1 mL) was added dropwise. The reaction mixture was warmed 
slowly to rt, quenched with water (2 mL) and extracted with ethyl acetate (100 mL). The 
organic layer was separated, dried over MgS0 4 and concentrated. The residue was 
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purified by column chromatograpy (silica, gradient 100% hexane to ethyl acetate\hexane 
3:10) giving the product as an oil (667 mg, 70%). 

3-Ethyl-l-phenyl-3,4-dmydro-IH-quinolin-2-one(3Db) 

This was prepared in a similar manner to (3Da) on a 1.5 mmol scale using 1-iodoethane 
(125 jlxL, 1.1 eq.) as the alkylating agent. The crude product (378 mg) was used directly in 
the next step. 

3^3-Chloro-propyl)-l-phenyl-3,4-dihydro-I^-quinolin-2-one (4Da) 

To a soln of (2Da) (892 mg, 4 mmol) in anhydrous THF (40 mL) at -78°C under nitrogen 

was added LiHMDS (4.4 mL, 1M soln in hexanes, 4.4 mmol) dropwise over 10 min. The 
reaction mixture was left at -78°C foj[ 30 min and then a solution of l-bromo-3- 
chloropropane (405 jiL, 4.4 mmol) in THF (1 mL) was added dropwise. The reaction 
mixture was warmed slowly to it, quenched with water (2 mL) and extracted with ethyl 
acetate (100 mL). The organic layer was separated, dried over MgS0 4 and concentrated. 
The crude product (1.2 g) was used directly in the next step. 

3-(3-Chloro-propyl)-6-fluoro-l-/;-tolyl-3,4-dihydro-J£f-quinoliii-2-one (4Db) 

This was prepared from (2Db) (300 mg, 1.17 mmol) using the method described for 
(4Da) using l-bromo-3-chloropropane (140 pL, 1.4 mmol) as the alkylating agent. The 
crude product (399 mg) was used directly in the next step. 

3-(2-Chloro-ethyl)-l-phenyl-3,4-dihydro-IfT-quinolin-2-one (4Dc) 
This was prepared from (2Da) (892 mg, 4.0 mmol) using the method described for (4Da) 
using l-bromo-2-chloroethane (365 |iL, 4.4 mmol) as the alkylating agent. The crude 
product (1 g) was used directly in the next step. 

3-(3-(^oro-propyl)-3-methyl-l-phenyl-3,4-dihydro-Jff-quinolin-2-one (5Da) 
This was prepared from (3Da) (462 mg, 1.95 mmol) using the method described for 
(4Da) using l-bromo-3-chloropropane (270 pL, 2.7 mmol) as the alkylating agent. The 
crude product (650 mg) was used directly in the next step. 

3-(3-(^oro-propyl)-3-ethyl-l-pheny (5Db) 
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This was prepared from (3Db) (378 mg, 1.5 mmol) using the method described for (4Da) 
using l-bromo-3-chloropropane (179 jiL, 1.8 mmol) as the alkylating agent. The crude 
product (528 mg) was used directly in the next step. 

5 Scheme ID - Examples 

Example ID: 3-Q-Methylammo-propylVl-ph 
(6Da) 

A soln of (4Da) (1.2 g, 4 mmol), potassium iodide (200 mg, 1.2 mmol) and aqueous 40% 
10 methylamine (12 mL) in ethanol (30 mL) was refluxed at 100°C under nitrogen for 3 h. 

The reaction mixture was cooled, poured into water and extracted with ethyl acetate (100 
mL). The organic layer was separated, dried over MgS0 4 and concentrated. The product 
was purified by preparative LCMS to give 500 mg of the racemate. The racemate was 
separated into its individual enantiomers using chiral HPLC. ! H NMR (300 MHz, CDCl,) 
15 (racemate & isomer) 8 1.5-1.73 (m, 4H), 1.88-1.97 (m, 1H), 2.43 (s, 3H), 2.62 (t, J= 6.69 

Hz, 2H), 2.70-2.79 (m, 1H), 2.84-2.92 (m, 1H), 3.15 (dd, J= 15.45, 5.28 Hz, 1H), 6.33 (d, 
J= 7.73 Hz, 1H), 6.95-7.06 (m, 2H), 7.19-7.22 (m, 3H), 7.38-7.43 (m, 1H), 7.47-7.52 (m, 
2H). LCMS (12 minute method) [M+H] + = 295 @ Rt 4.0 min (100%). 

20 Example 2D: 6-Fluoro-3-(3-methvlamton-p rnp y1)-l>p-tolvl-3,4^ihvdro-Ig- 

quinolin-2-one (6Db) 

This was prepared in an identical manner to (6Da) using crude (4Db) (399 mg) to give 
the crude product, which was purified by preparative LCMS to give the product (35 mg). 
'H NMR (300 MHz, CDCI3) (racemate) 8 1.40-1.70 (m, 3H), 1.75-1.90 (m, 4H), 2.34 (s, 
25 3H), 2.36 (s, 3H), 2.50-2.83 (m, 2H), 3.01-3.08 (m, 1H), 6.21-6.26 (m, 1H), 6.62-6.68 (m, 

1H), 6.82-6.86 (m, 1H), 6.99 (d, J= 8.1 Hz, 2H), 7.22 (d, J= 8.1 Hz, 2H). LCMS (12 
minute.method) [M+H] + = 327 @ Rt 4.8 min (100%). 

Example 3D; 3-(2-Methvlaminn-e^ 
30 (6Dc) 

This was prepared in an identical manner to (6Da) using crude (4Dc) (lg) to give the 
racemate (80 mg). The racemate was separated into its individual enantiomers using 
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chiral HPLC. 'H NMR (300 MHz, CDClj) (racemate & isomer) 8 ppm 1.64-1.76 (m, 1H), 
1.79 (br, 1H), 2.03-2.18 (m, 1H), 2.44 (s, 3H), 2.71-2.82 (m, 2H), 2.82-2.94 (m, 2H), 
3.09-3.21 (m, 1H), 6.33 (dd, J= 7.91, 1.32 Hz, 1H), 6.94-7.07 (m, 2H), 7.18-7.24 (m, 3H), 

7.37-7.44 (m, 1H), 7.47-7.54 (m, 2H). LCMS (12 minute method) [M+H] + = 281 @Rt 
5 3.82 min (100%). 

Example 4D: 3-Methyl-3-(3-methylamino-propyl)-l-phenyl-3.4-dihydro-lH- 
quinolin-2-one (7Pa) 

This was prepared in an identical mariner to (6Da) using crude (5Da) (650 mg) to give the 
1 0 crude product (198 mg), which was purified by preparative LCMS. The purified racemate 

was then separated into its individual enantiomers using chiral HPLC. *H NMR (300 MHz, 
CDC1 3 ) (isomer) 8 ppm 1 .27 (s, 3H), 1 .43 (br, 1H), 1 .53-1 .66 (m, 4H), 2.39 (s, 3H), 2.54 (t, 
J= 6.12 Hz, 2H), 2.91 (d, J= 15.64 Hz, 1H), 2.98 (d, J= 15.64 Hz, 1H), 6.28 (dd, J= 7.91, 
1.32 Hz, 1H), 6.97 (td, J= 7.21, 1.41 Hz, 1H), 7.03 (td, J= 7.68, 1.98 Hz, 1H), 7.14-7.22 (m, 

15 3H), 7.36-7.44 (m, 1H), 7.46-7.53 (m, 2H). LCMS (12 minute method) [M+H] + = 309 @Rt 

4.21 min (100%). 

1 

Example 5D: 3-Ethvl-3-(3-n iethvlami no-propyl)-l-phenvl-3.4-dihydro-JjEr-qninolin- 
2-one (7Db) 

2 0 This was prepared in an identical manner to (6Da) using crude (5Db) (528 mg) to give the 

crude product (105 mg), which was purified by preparative LCMS. The purified racemate 
was then separated into its individual enantiomers using chiral HPLC. 
'H NMR (300 MHz, CDCI3) (racemate) 8 0.93 (t, J= 7.53 Hz, 3H), 1.56-1.75 (m, 6H), 
1.91 (bs, 1H), 2.41 (s, 3H), 2.55-2.60 (m, 2H), 2.91 (d, J= 15.82, 1H), 3.02 (d, J= 15.82, 

2 5 1H), 6.25-6.28 (m, 1H), 6.94-7.05 (m, 2H), 7. 16-7. 19 (m, 3H), 7.38-7.43 (m, 1H), 7.4- 

7.52 (m, 2H). 'H NMR (300 MHz, MeOD-d4) (isomer D-tartrate salt) 8 0.85 (t, J= 7.53 
Hz, 3H), 1.45-1.75 (m, 6H),.2.57 (s, 2H), 2.83-2.89 (m, 2H), 3.01-3.06 (d, J= 16.01, 1H), 
4.32 (s, 2H), 6.11-6.14 (m, 1H), 6.89-6.97 (m, 2H), 7.09 (d, J= 7.16 Hz, 2H), 7.15-7.18 
(m, 1H), 7.37 (t, J= 7.35 Hz, 1H), 7.46 (t, J= 7.35 Hz, 2H). LCMS (12 minute method) 

3 0 [M+H] + = 323 @ Rt 4.9 min (98%). 
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Scheme 2D - Preparation of Intermediates 
l^-Tolyl-3,4^ihydro-Iff-quinolin-2-one (2Dc) 

A stirred mixture of 3,4-Dihy(fro-iJ^uinolin-2-one (IDa) (4.41 g. 30 mmol), K^CC^ 
5 (8.7 g, 63 mmol), frans-cyclohexane-l,2-diamine (720 jjL, 2 mmol) and 4-bromotoluene 

(15.4 g, 90 mmol) in 1,4-dioxane (30 mL) was heated under a nitrogen atmosphere at 
125°C for 5 min to deoxygenate the reaction mixture. Copper (I) iodide (1.14 g, 2 mmol) 
was added in one portion and the reaction mixture was refluxed overnight at 125°C. After 
cooling to rt, the reaction mixture was filtered through celite, poured into ethyl acetate 
10 (100 mL) and extracted with water. The organic layer was separated, dried over MgS0 4 

and concentrated. Treatment of the residue with ether (200 mL) and cooling (ice bath) 
gave the product as a white solid after filtration (6.2 g, 87%). 

l-Phenyl-3-propyl-3,4-dihydro-JH-quinoIin-2-one(3Dc) 

15 This was prepared from (2Da) (669 mg, 3 mmol) and 1-iodopropane (352 \xL 9 1.2 eq.) as 

the alkylating agent. The crude product (780 mg) was used directiy in the next step. 

3-Ethyl-l-p-tolyl-3,4-d^^ 

This was prepared from (2Dc) (711 mg, 3 mmol) and 1-iodoethane (265 \xL 9 1.2 eq.) as the 

2 0 alkylating agent. The crude product (800 mg) was used directly in the next step. 

3-PropyI-l-/7-tolyl-3,4-dihydro-J^-quinolin-2-one (3De) 

This was prepared from (2Dc) (711 mg, 3 mmol) and 1-iodopropane (352 \jH 9 1.2 eq.) as 
the alkylating agent The crude product (840 mg) was used directly in the next step. 

25 

S-Butyl-l-p-tolyl-S^-dihydro-iH-quinolin^-one (3Df) 

This was prepared from (2Dc) (711 mg, 3 mmol) and 1-iodobutane (354 jjl, 1.1 eq.) as 
the alkylating agent. The crude product (790 mg) was used directly in the next step. 

3 0 3-Isopropyl-l-/?-tolyl-3,4-dihydro-IH-quinolin-2-one (3Dg) 

This was prepared from (2Dc) (711 mg, 3 mmol) and 2-iodopropane (330 pi, 1.1 eq.) as 
the alkylating agent. The crude product (806 mg) was used directly in the next step. 
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3-AUyl-3-ethyl-l-/?-tolyl-3,4-dihydro-JH-quinolin-2-one (llDb) 

To a soln of (3Dd) (800 mg, 2.7 mmol) in anhydrous THF (30 mL) at -78°C under 
nitrogen was added LiHMDS (3 mL, 1M soln in hexanes, 3 mmol) dropwise over 10 min. 
The reaction mixture was left at -78°C for 30 min and then a solution of allyl bromide 
(280 pL, 3.2 mmol) in THF (1 mL) was added dropwise. The reaction mixture was 
warmed slowly to rt, quenched with water (2 mL) and extracted with ethyl acetate (100 
mL). The organic layer was separated, dried over MgS0 4 and concentrated. The crude 
product (920 mg) was used directly in the next step. 

3-Ethyl-3<3-hydroxypropyI)^ (12Db) 
To a soln of (llDb) (732 mg, 2.4 mmol) in anhydrous THF (25 mL) at 0°C under 
nitrogen was added 9-BBN (12 mL, 0.5M soln in THF, 6 mmol, 2.5 eq.) dropwise over 
10 min. The reaction mixture was warmed to rt and left to stir overnight. The resultant 
yellow soln was cooled to 0°C and then quenched carefully with ethanol (3 mL), followed 
by aq. NaOH (1.8 mL, 3N soln). Finally, aq. IL£> 2 (1.8 mL, 37% soln) was added 
dropwise maintaining the internal reaction mixture temp between 5 and 10 °C. The 
reaction mixture was warmed to rt and then refluxed for 90 min. The reaction mixture 
was cooled to rt, poured into ethyl acetate and water and extracted. The organic layer was 
separated, dried over MgS0 4 and concentrated. The crude product was purified using 
automated chromatography (silica) (0 to 60% ethyl acetate\cyclohexane gradient) to 
provide (12Db) as a clear oil (540 mg, 70%). 

Scheme 2D - Examples 

Example 6 D: 3-Ethvl-3-(3-methvla mino^ 
2-one (13Db) 

To a soln of (12Db) (540 mg, 1.67 mmol) and triethylamine (350 jjL, 2.5 mmol) in 
anhydrous THF (20 mL) at 0°C under nitrogen was added dropwise a soln of 
methanesulfonyl chloride (142 pL, 1.8 mmol) in THF (1 mL). The reaction mixture was 
warmed to rt and stirred for 3 h. The reaction mixture was poured into ethyl acetate and 
water and extracted. The organic layer was separated, dried over MgSC>4 and concentrated. 



WO 2005/060949 



PCT7US2004/038221 



-209- 

The crude mesylate (670 mg, 100%) was dissolved in ethanol (10 mL) and aqueous 40% 
methylamine (5 mL) and heated at 65°C under nitrogen for 2 h. The reaction mixture was 
cooled, poured into water and extracted with ethyl acetate (100 mL). The organic layer was 
separated, dried over MgS0 4 and concentrated. The product was purified by SCX-2 to give 
384 mg of the racemate. The racemate was separated into its individual enantiomers using 
chiral HPLC. Each enantiomer was dissolved in CH 2 C1 2 (2 mL) and treated with 1 
equivalent of D-tartaric acid dissolved in a minimum volume of warm methanol. The 
resultant soln was concentrated and the solid was dried under vacuo to provide the D- 
tartrate salt of the amine. 'H NMR (300 MHz, CDC1 3 ) (racemate) 5 0.92 (t, J= 7.44 Hz, 
3H), 1.49-1.75 (m, 6H), 1.81 (br, 1H), 2.40 (s, 6H), 2.57 (t, J= 6.59 Hz, 2H), 2.89 (d, J= 
15.82 Hz, 1H), 3.00 (d, J= 15.82 Hz, 1H), 6.29 (d, J= 7.91 Hz, 1H), 6.92-7.08 (m, 4H), 7.16 
(d, J= 7.16 Hz, 1H), 7.29 (d, J= 7.91 Hz, 2H). *H NMR (300 MHz, MeOD-d4) (isomer D- 
tartrate salt) 8 0.93 (t, J= 7.44 Hz, 3H), 1.54-1.84 (m, 6H), 2.42 (s, 3H), 2.66 (s, 3H), 2.91- 
3.00 (m, 3H), 3.11 (d, J= 15.83 Hz, 1H), 4.41 (s, 2H), 6.22-6.27 (m, 1H), 6.80-7.07 (m, 

4H), 7.21-7.27 (m, 1H), 7.36 (d, J= 7.91 Hz, 2H). LCMS (12 minute method) [M+H]+ = 
337 @Rt 5.21 min (100%). 

Example 7D: 3-f3-Methvlaminft-p ropvD-l-Dhenvl-3-DroDv l-a.4-dihYdrn- 7 Tf. 
quinolin-2-one (13Da) 

This was prepared from (3Dc) (780 mg, 2.9 mmol) using the same synthetic sequence 
described above (3Dd to 13Db) to give 233 mg of the racemate. The racemate was 
separated into its individual enantiomers using chiral HPLC and each enantiomer was 
converted into its D-tartrate salt as described for (13Db). 'H NMR (300 MHz, CDCI3) 
(racemate) 8 0.88 (t, J= 7.16 Hz, 3H), 1.26-1.48 (m, 2H), 1.50-1.78 (m, 7H), 2.40 (s, 3H), 
2.56 (t, J= 6.59 Hz, 2H), 2.92 (d, J= 15.83 Hz, 1H), 3.01 (d, J= 15.83 Hz, 1H), 6.25-6.28 
(m, 1H), 6.94-7.05 (m, 2H), 7.16-7.19 (m, 3H),. 7.37-7.42 (m, 1H), 7.47-7.52 (m, 2H). ! H 
NMR (300 MHz, MeOD-d4) (isomer D-tartrate salt) 8 0.77-0.82 (t, J= 7.06 Hz, 3H), 
1.24-1.35 (m, 2H), 1.44-1.51 (m, 2H), 1.69 (bs, 3H), 2.56 (s, 3H), 2.84-2.89 (m, 3H), 
3.01-3.06 (d, J= 15.83 Hz, 1H), 3.20-3.22 (q, J=1.55 Hz, 2H), 4.30 (s, 2H), 6.11-6.14 (dd, 
J= 7.72, 2.26 Hz, 1H), 6.89-6.97 (m, 2H), 7.07-7.10 (m, 2H), 7.14-7.17 (m, 1H), 7.34- 
7.39 (t, J= 7.35 Hz, 1H), 7.43-7.48 (t, J= 7.35 Hz, 2H). LCMS (12 minute method) 
[M+H] + = 337 @ Rt 5.2 min (100%). 
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Example8D:3-r3-Methvlaminn- P rft P Yn.3-propvl-l-p-tolvl-3.4-dihvdro-fff- 
quinolin-2-one 0L3Dc) 

This was prepared from (3De) (840 mg, 2.6 mmol) using the same synthetic sequence 
5 described above (3Dd to 13Db) to give 393 mg of the racemate. The racemate was 

separated into its individual enantiomers using chiral HPLC and each enantiomer was 
converted into its D-tartrate salt as described for (13Db). 'H NMR (300 MHz, CDCL) 
(racemate) 8 0.88 (t, J= 7.16 Hz; 3H), 1.20-1.75 (m, 11H), 2.39 (s, 3H), 2.40 (s, 3H), 2.90 
(d, J= 15.64 Hz, 1H), 2.99 (d, J= 15.64 Hz, 1H), 6.29 (d, J= 7.72 Hz, 1H), 6.93-7.07 (m, 
10 4H), 7.14-7.16 (m, 1H), 7.25-7.31 (m, 2H). 'H NMR (300 MHz, MeOD-d4) (isomer D- 

tartrate salt) 8 0.91 (t, J= 7.06 Hz, 3H), 1.28-1.85 (m, 8H), 2.44 (s, 3H), 2.68 (s, 3H), 
2.94-2.99 (m, 3H), 3.14 (d, J= 15.82 Hz, 1H), 4.41 (s, 2H), 6.25-6.28 (m, 1H), 7.02-7.07 
(m, 4H), 7.25-7.28 (m, 1H), 7.38 (d, J= 7.91 Hz, 2H). LGMS (12 minute method) [M+H] + 
= 351 @ Rt 5.6 min (100%). 

15 

Example 9D: 3-Burvl-3-(3- inefhvl a min o. P roDvl)-l-p-toIvl-3.4-dihvdro-7H-QuinoIin- 
2-one (13Dd) 

This was prepared from (3Df) (790 mg, 2.7 mmol) using the same synthetic sequence 
described above (3Dd to 13Db) to give 334 mg of the racemate. The racemate was 

20 separated into its individual enantiomers using chiral HPLC and each enantiomer was 

converted into its D-tartrate salt as described for (13Db). 'H NMR (300 MHz, CDClj) 
(racemate) 8 0.87 (t, J= 6.97 Hz, 3H), 1.20-1.40 (m, 4H), 1.55-1.74 (m, 6H), 2.40 (s, 3H), 
2.40 (s, 3H), 2.55 (t, J= 6.78 Hz, 3H), 2.91 (d, J= 15.63 Hz, 1H), 2.99 (d, J= 15.63 Hz, 
1H), 6.28-6.31 (m, 1H), 6.93-7.00 (m, 2H), 7.02-7.06 (m, 2H), 7.14-7.16 (m, 1H), 7.29 

25 (d, J= 8.07 Hz, 2H). *H NMR (300 MHz, MeOD-d4) (isomer D-tartrate salt) 8 0.90 (t, J= 

6.97 Hz, 3H), 1.20-1.85 (m, 10H), 2.44 (s, 3H), 2.68 (s, 3H), 2.94-2.99 (m, 3H), 3.14 (d, 
J= 15.82 Hz, 1H), 4.42 (s, 2H), 6.25-6.28 (m, 1H), 7.00-7.07 (m, 4H), 7.25-7.28 (m, 1H), 
7.38 (d, J= 7.91 Hz, 2H). LCMS (12 minute method) [M+H] + = 365 @ Rt 5.9 min 
(100%). 

30 

Example 10D ; 3-Isopropvl-3-(3-meth vlaminn-pr o P vn-i-p-tolvl-3.4-dihvdro-J.g- 
quinoIin-2-one (13De) 
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This was prepared from (3Dg) (806 mg, 2.89 mmol) using the same synthetic sequence 
described above (3Dd to 13Db) to give 307 mg of the racemate. 'H NMR (300 MHz, 
CDClj) (racemate) 8 ppm 0.92 (dd, J= 8.95, 6.88 Hz, 6H), 1.39-1.88 (m, 5H), 2.12-2.23 
(m, 1H), 2.39 (s, 3H), 2.40 (s, 3H), 2.56 (t, J= 6.78 Hz, 2H), 2.94 (d, J= 15.92 Hz, 1H), 
3.00 (d, J= 15.92 Hz, 1H), 6.28 (dd, J= 7.82, 1.04 Hz, 1H), 6.92-7.06 (m, 4H), 7.16 (dd, 

J= 6.97, 1.13 Hz, 1H), 7.29 (d, J= 7.91 Hz, 2H). LCMS (12 minute method) [M+H] + = 
351 @Rt 5.55 min (100%). 

Example IIP; 6-CMoro-3-ethvl-3-(3-methy laininft-p ropvl)-l-p-tolvl-3.4-dihvdro-lH- 
auinolin-2-one (13Df) 

This was prepared from (lDc) using the same synthetic sequence described above to give 205 
mg of the racemate. The racemate was separated into its individual enantiomers using chiral 
HPLC and each enantiomer was converted into its D-tartrate salt as described for (13Db). *H 
NMR (300 MHz, CDCI3) (racemate) □ ppm 0.91 (t, J= 7.44 Hz, 3H), 1.50-1.75 (m, 6H), 
2.15 (br, 1H), 2.40 (s, 3H), 2.41 (s, 3H), 2.55-2.64 (m, 2H), 2.85 (d, J= 16.01 Hz, 1H), 2.97 
(d, J= 16.01 Hz, 1H), 6.23 (d, J= 8.85 Hz, 1H), 6.97 (dd, J= 8.67, 2.45 Hz, 1H), 7.02 (d, J= 
8.29 Hz, 2H), 7.14 (4 J= 2.26 Hz, 1H), 7.29 (d, J= 8.10 Hz, 2H). l H NMR (300 MHz, 
MeOD-d4) (isomer, D-tartrate salt) □ ppm 0.84 (t, J= 7.35 Hz, 3H), 1.40-1.75 (m, 6H), 2.32 
(s, 3H), 2.57 (s, 3H), 2.80-2.92 (m, 3H), 3.01 (d, J= 16.20 Hz, 1H), 4.31 (s, 2H), 6.13 (d, J= 
8.67 Hz, 1H), 6.92-6.98 (m, 3H), 7.19 (d, J= 2.26 Hz, 1H), 7.26 (d, J= 7.91 Hz, 2H). LCMS 
(12 minute method) [M+H] + = 371/373 @Rt 5.75 min (100%). 

Example 12D; 6-Chloro-l-(4-chloro-phenyl)-3-ethvl-3-(3-methvlamino-prnpyl)-3.4- 
dihvdro-lff-auinolin-2-one (13Pg> 

This was prepared from (lDc) using the same synthetic sequence described above to give 
222 mg of the racemate, which was purified by preparative LCMS. l H NMR (300 MHz, 
CDCy (racemate) 5 ppm 0.84 (t, J= 7.44 Hz, 3H), 1.40-1.70 (m, 6H), 2.35 (br, 4H), 2.49- 
2.56 (m, 2H), 2.80 (d, J= 16.01 Hz, 1H), 2.90 (d, J= 16.01 Hz, 1H), 6.14 (d, J= 8.67 Hz, 
1H), 6.93 (dd, J= 8.67, 2.26 Hz, 1H), 7.04 (ddd, J= 9.04, 2.83, 2.45 Hz, 2H), 7.09 (d, J= 

2.26 Hz, 1H), 7.36-7.43 (m, 2H). LCMS (12 minute method) [M+H] + = 391/393 @Rt 
5.67 min (92%). 
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Scheme 3D - Preparation of intermediates 

l-(4-Methoxy-benzyI)-3,4^ 

5 A 5 litre flange-neck flask equipped with an air stirrer and paddle, thermometer, nitrogen 

bubbler and pressure equalising dropping funnel was charged with sodium hydride 
(25.5g, 60% oil dispersion, 0.637 mol) and 40-60 pet ether (100 ml). The mixture was 
stirred briefly and then allowed to settle under nitrogen. After decanting the supernatant 
liquid, the vessel was charged with dimethylformamide (2 litres). The well stirred 

10 suspension was cooled to 7-8°C using an external ice-bath. Then a soln of 3,4-dihydro- 

lH-quinolin-2-one (la) (73.6g, 0.5 mole) in anhydrous dimethylformamide (500 ml) was 
added dropwise over 25 min. The mixture was stirred at 7-8°C for 30 min. then 4- 
methoxybenzyl chloride (102 g, 0.65 mole, 1.3 eq.) was added over 10 min. The reaction 
mixture was left to stir for 2 h. at <10°C then allowed to warm-up to room temperature 

15 and stirred overnight. The stirred reaction mixture was quenched with ice/water (2.5 

litres) and cooled to 15 °C using an external ice-bath. The white solid was isolated by 
filtration and washed with water. After drying in vacuo at 40°C overnight the product was 
obtained (113.4g, 85%). 

2 0 l-(4-Methoxy-ben/yl)-3-methyl-3,4-dihydro-ijfiT-quinolin-2-one (15D) 

To a soln of (14) (20 g, 75 mmol) in anhydrous THF (400 mL) at -78°C under nitrogen was 
added LiHMDS (78.6 mL, 1M soln in hexanes, 78.6 mmol) dropwise over 10 min. The 
reaction mixture was left at -78°C for 30 min and then a solution of methyl iodide (5.13 mL, 
83 mmol) in THF (5 mL) was added dropwise. The reaction mixture was warmed slowly to 
25 rt, quenched with water (50 mL) and extracted with ethyl acetate (400 mL). The organic layer 

was separated, dried over MgSC>4 and concentrated to give the product as a yellow solid (21 
g, 100%) that was used directly in the next step. 

3-Allyl-l-(4-methoxy-benzyl)-3-methyl-3,4-dihydro-l^-quinolin-2-one (16Db) 

3 0 To a soln of (15D) (20.5 g, 73 mmol) in anhydrous THF (400 mL) at -78°C under nitrogen 

was added LiHMDS (80 mL, 1M soln in hexanes, 80 mmol) dropwise over 10 min. The 
reaction mixture was left at -78°C for 30 min and then a solution of allyl bromide (7.6 mL, 
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87 mmol) in THF (5 mL) was added dropwise. The reaction mixture was warmed slowly to 
rt, quenched with water (100 mL) and extracted with ethyl acetate (400 mL). The organic 
layer was separated, dried over MgS0 4 and concentrated to give the product as an orange oil 
(23.9 g, 100%) that was used directly in the next step. 

5 

3-(3-Hydroxy-propyl)-l-(4-metto 
quinolin-2-one (17Db) 

To a soln of (16Db) (23.9 g, 74 mmol) in anhydrous THF (400 mL) at 0°C under nitrogen 
was added 9-BBN (370 mL, 0.5M soln in THF, 185 mmol, 2.5 eq.) dropwise over 10 

10 min. The reaction mixture was warmed to rt and left to stir overnight. The resultant 

yellow soln was cooled to 0°C and then quenched carefiilly with ethanol (95 mL), 
followed by aq. NaOH (60 mL, 3N soln). Finally, aq. H^ (60 mL, 37% soln) was added 
dropwise maintaining the internal reaction mixture temp between 5 and 10 °C. The 
reaction mixture was warmed to rt and then refluxed for 90 min. The reaction mixture 

15 was cooled to rt, poured into ethyl acetate and water and extracted. The organic layer was 

separated, dried over MgS0 4 and concentrated. The crude product was purified using 
automated chromatography (silica) (0 to 80% ethyl acetate\cyclohexane gradient) to - 
provide the product as a clear oil (21.3 g, 84%). 

2 0 l-(4-Methoxy-ben2yl)-3-me^ 

quinolin-2-one (18Db) 

To a soln of (17Db) (18 g, 53 mmol) and triethylamine (11.1 mL, 79 mmol) in anhydrous 
THF (450 mL) at 0°C under nitrogen was added dropwise a soln of methanesulfonyl 
chloride (4.52 mL, 58 mmol) in THF (50 mL). The reaction mixture was warmed to rt 
25 and stirred for 3 h. The reaction mixture was poured into ethyl acetate and water and 

extracted. The organic layer was separated, dried over MgS0 4 and concentrated. The 
crude mesylate (22 g, 99%) was dissolved in ethanol (500 mL) and aqueous 40% 
methylamine (200 mL) and heated at 65°C under nitrogen for 2 h. The reaction mixture 
was cooled, concentrated and then extracted with ethyl acetate (300 mL). The organic 

3 0 layer was washed with water, brine, dried over MgS0 4 and concentrated to give the crude 

product (17.8 g, 96%). 
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MethyI43^3-methyl-2.oxo-l^,3,4,4a,8a-hexahydro-qum 
acid tert-butyl ester (19Db) 

A mixture of (18Db) (17.8 g, 50.5 mmol) and anisole (5.5 mL, 50.5 mmol) in 
txifluoroacetic acid (250 mL) was heated at 65°C under nitrogen for 2 h. The reaction 
5 mixture was concentrated under vacuo and the residue was dissolved in methanol (10 

mL). The methanol soln was applied to an SCX-2 column (300 g, pre-washed with 
methanol) and the column washed with methanol (approx 1 litre) until the soln became 
colourless. The product was eluted with 2N NH 3 in methanol (500 mL) and the basic soln 
was concentrated to provide 3-Methyl-3-(3-melhylaimno-propyl)-3,4-dihydro-lH- 

10 quinolin-2-one (9 g, 77%). To a soln of this amine (8.6 g, 37 mmol) in anhydrous THF 

(350 mL) at 0°C was added a soln of di-te/t-butyl dicarbonate (8.34 g, 97%, 50.5 mmol) 
in THF (20 mL) dropwise. The reaction mixture was warmed to it and stirred for 3 h. The 
reaction mixture was poured into ethyl acetate (400 mL) and water (200 mL) and 
extracted. The organic layer was separated, dried over MgS0 4 and concentrated to give 

15 the product as a yellow solid (12.26 g, 100%). This material was used without further 

purification. 

Methyl-[3^2-oxo-l£,3,4-tetrah^ acid tert-butyl 

ester (19Da) 

2 0 This was prepared from (14D) using the same synthetic sequence described above. 

[3-(6-Chloro-1^3,4-tetrahydro-quinolin-3-yl)»propyl]-methyl-carbamic acid tert- 
butyl ester (20Da) 

To a soln of (19Da) (2.75 g, 8.6 mmol) in anhydrous DMF (25 mL) at 0°C was added 
25 dropwise a soln of N-cWorosuccinimide (1.17 g, 8.7 mmol) in anhydrous DMF (3 mL). 

The reaction mixture was warmed to rt, stirred overnight and then poured into ethyl 
acetate (100 mL) and water (50 mL) and extracted. The organic layer was separated, dried 
over MgS0 4 and concentrated to provide the product as a yellow oil 3 g, 98%) that was 
used without further purification. 

30 

Scheme 3D - Examp les 
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Examplc 13D: 3-(3-M ethYlamin o-propvlV^ 
(21Da) 

A stirred mixture of (19Da) (100 mg. 0.31 mmol), K 2 C0 3 (92 mg, 0.66 mmol), trans- 
cyclohexane-l,2-diamine (8 jjL, 0.06 mmol) and 4-bromotoluene (162 mg, 0.94 mmol) in 
5 1,4-dioxane (0.5 mL) was heated under a nitrogen atmosphere at 125°C for 5 min to 

deoxygenate the reaction mixture. Copper (I) iodide (12 mg, 0.06 mmol) was added in 
one portion and the reaction mixture was refluxed overnight at 125°C. After cooling to rt, 
the reaction mixture was poured into ethyl acetate (100 mL) and extracted with water. 
The organic layer was separated, dried over MgS0 4 and concentrated. The crude product 

10 was purified using automated chromatography (silica) (0 to 80% ethyl 

acetate\cyclohexane gradient) to provide the Boc protected product (70 mg, 54%). To a 
soln of this material (70 mg, 0.17 mol) in DCM (2 mL), was added trifluoroacetic acid 
(197 jxL, 2.55 mmol, 15 eq.). The reaction mixture was left to stir at room temperature for 
90 min, concentrated under vacuo poured into ethyl acetate (50 mL) and aq. NaHCO a (20 

15 mL) and extracted. The organic layer was separated, dried over MgS0 4 , concentrated and 

the crude product was purified by SCX-2 to provide the racemate (40 mg, 75%). The 
racemate was separated into its individual enantiomers using chiral HPLC. *H NMR (300 
MHz, CDCI3) (racemate) 8 1.49-1.77 (ni, 3H), 1.86-1.96 (m, 1H), 2.34 (bs, 1H), 2.40 (s, 
3H), 2.43 (s, 3H), 2.61-2.66 (t, J= 6.88 Hz, 2H), 2.68-2.78 (m, 1H), 2.83-2.90 (m, 1H), 

20 3.09-3.17 (m, 1H), '6.36 (dd, J= 7.7 Hz, 1.0 Hz, 1H), 6.94-7.03 (m, 2H), 7.08 (d, J= 8.2 

Hz, 2H), 7.13-7.17 (m, 1H), 7.29 (d, J= 8.1 Hz, 2H); l U NMR (300 MHz, MeOD-d4) 
(isomer, D-tartrate salt) 8 1.64 (bs, 1H), 1.89 (bs, 3H), 2.41(s, 3H), 2.70 (s, 3H), 2.75- 
2.87 (m, 1H), 2.91-3.06 (m, 3H), 3.20 (dd, J= 5.9, 15.26 Hz, 1H), 4.45 (s, 2H), 6.32-6.35 
(m, 1H), 7.00-7.12 (m, 4H), 7.28-7.30 (m, 1H), 7.37 (d, J= 8.1 Hz, 2H). LCMS (12 

2 5 minute method) [M+H] + = 309 @ Rt 4.7 min (100%). 



Example 14D; 6-C^oro-3-(3-methvlamino-propvlVl-g-tolvl-3,4"dihvdro-iJ9 r - 
quinolin-2-one (21Diri 

3 0 This was prepared from (20Da) (132 mg, 0.29 mmol) using the same methods described 

for (21Da) to provide the racemate (86 mg). ! H NMR (300 MHz, CDCI3) (racemate & 
isomer) 8 1.50-1.57 (m, 1H), 1.62-1.90 (m, 3H), 2.34 (s, 3H), 2.41 (s, 3H), 2.63-2.82 (m, 
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5H), 3.00-3.07 (m, IK), 6.22 (d, J= 8.6 Hz, IK), 6.92 (dd, J= 2.45, 8.66 Hz, 1H), 6.99 (d, 
J= 8.1 Hz, 2H), 7.11 (d, J= 2.25 Hz, 1H), 7.23 (d, J= 8.1 Hz, 2H). LCMS (12 minute 
method) [M+H] + = 343/345 @ Rt 5.2 min (96%). 

Example 15D; l-f3-F luorophenvn-3-(3-methvlamino-propvn-3.4-dihvdro-7g- 
quinoIin-2-one QlPb) 

This was prepared from (19Da) (200 mg, 0.63 mmol) using the same two-step procedure 
described for (21Da) to provide the racemate (83 mg). l H NMR (300 MHz, CDCI3) 
(racemate) 8 1.60-1.70 (m, 1H), 1.92 (br, 3H), 2.64 (bs, 3H), 2.72-2.74 (m, 1H), 2.86- 
3.09 (m, 4H), 6.35 (dd, J= 7.72, 1.510 Hz, 1H), 6.94-7.23 (m, 6H), 7.43-7.51 (m, IK). 
LCMS (12 minute method) [M+H] + = 313 @ Rt 4.4 min (100%). 

Example 16D: l-f4-Ch lorophenvn-3-(3-methvlamino-propvl)-3.4-dihvdro-l/r- 
quinoIin-2-one (21Dc) 

This was prepared from (19Da) (122 mg, 0.38 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
the racemate (70 mg). *H NMR (300 MHz, CDCI3) (racemate) 8 1.49-1.73 (m, 3H), 1.89 
(m, 2H), 2.43 (s, 3H), 2.62 (t, J= 6.79, 7.15 Hz, 2H), 2.68-2.78 (m, 1H), 2.83-2.93 (m, 
1H), 3.14 (dd, J= 15.43, 5.37 Hz, 1H), 6.34 (dd, J= 7.73, 1.14 Hz, 1H), 6.96-7.09 (m, 
2H), 7.14-7.21 (m, 3H), 7.45-7.48 (m, 2H). LCMS (12 minute method) [M+H] + = 
329/331 @ Rt 5.1 min (90%). 

Example 1 7D; l-f3.4-Dichlorophenvr)-3-(3-inethvlamino-propvn-3.4-dihvdro-iJg- 
quinolin-2-one (21Dd^ 

This was prepared from (19Da) (150 mg, 0.47 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
the racemate (111 mg). 'H NMR (300 MHz, CDCI3) (racemate) 8 1.49-1.75 (m, 3H), 1.83 
(bs, 1H), 1.85-1.97 (m, IK), 2.43 (s, 3H), 2.63 (t, J= 13.56, 6.59 Hz, 2H), 2.68-2.77 (m, 
IK), 2.83-2.94 (m, IK), 3.13 (dd, J= 15.45, 5.28 Hz, IK), 6.36 (dd, J= 7.73, 0.93 Hz, 
IK), 6.99-7.11 (m, 3H), 7.20-7.21 (m, IK), 7.35 (d, J= 2.26 Hz, IK), 7.57 (d, J= 8.48 Hz, 
IK). LCMS (12 minute method) [M+H]* = 363/365 @Rt 5.4 min (92%). 
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Examnle 18P: !-(3-ChloroDhenvlV-3-r3-methylaniinn-propvn-3.4-daivdro-lfl- 
quinolin-2-one (21De) 

This was prepared from (19Da) (200 mg, 0.63 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
5 the racemate (138 mg). 'H NMR (300 MHz, CDCI3) (racemate) 6 1.50-1.77 (m, 3H), 

1.89-1.96 (m, 2H), 2.44 (s, 3H), 2.64 (t, J= 6.89 Hz, 2H), 2.69-2.78 (m, 1H), 2.84-2.93 
(m, 1H,), 3.10-3.17 (m, 1H), 6.33-6.36 (m, 1H), 6.97-7.10 (m, 2H), 7.11-7.15 (m, 1H), 
7.21-7.24 (m, 2H), 7.37-7.47 (m, 2H). LCMS (12 minute method) [M+H] + = 329/331 @ 
Rt5.01min(90%). 

10 

Example 19D; l-(4-FluorophenvI)-3-(3-methvlamino-propvIV-3.4-dihydro-ig- 
quinolin-2-one (21Df) 

This was prepared from (19Da) (200 mg, 0.63 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
15 the racemate (48 mg). *H NMR (300 MHz, CDCI3) (racemate) 8 1.26-1.28 (m, 1H), 1.92 

(m, 2H), 2.63 (bs, 1H), 2.72 (m, 1H), 2.85-3.08 (m, 2H), 3.48-3.51 (m, 5H), 6.32-6.34 (d, 
J= 7.91 Hz, 1H), 7.01-7.70 (m, 2H), 7.16-7.19 (d, J= 7.16 Hz, 5H), 9.46 (bs, 1H). LCMS 
(12 minute method) [M+Hf = 313 @ Rt 4.5 min (100%). 

20 Example 20D: l-f4-EthvlphenvD-3-(3-methvlainiiio-propvl)-3.4-dihvdro-ig- 

qninolin-2-one (21Dg) 

This was prepared from (19Da) (148 mg, 0.46 mmol) using the same two-step procedure 
described for (21Da) to provide the racemate (61 mg). l H NMR (300 MHz, CDC1 3 ) 
(racemate) 5 1.25-1.30 (m, 1H), 1.52-1.67(m, 1H), 1.69-1.80 (m, 2H), 1.87-1.98 (m, 1H), 
2 5 2.46 (s, 3H), 2.67-2.92 (m, 9H), 3.11-3.16 (m, 1H), 6.34-6.37 (m, 1H), 6.94-7.06 (m, 2H), 

7.09-7.11 (d, J= 8.1 Hz, 2H), 7.17-7.20 (d, J= 7.35 Hz, 1H), 7.30-7.33 (d, J= 8.28 Hz, 
2H). LCMS (12 minute method) [M+H] + = 323 @ Rt 5.4 min (98%). 

Example 21D; 3-Methvl-3-(3-methvlamino-propvlVl-p-tolvl-3.4-dihvdro-lH- 
30 quinolin-2-one (21Dh) 

This was prepared from (19Db) (806 mg, 2.89 mmol) using the same methods described 
for (21Da) to provide the racemate. The racemate was separated into its individual 
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enantiomers using chiral HPLC. 'H NMR (300 MHz, CDCI3) (racemate & isomer) 8 1.24 
(s, 3H), 1.60-1.65 (m, 4H), 2.40 (s, 3H), 2.43 (s, 3H), 2.60-2.65 (m, 2H), 2.87 (d, J= 
15.73 Hz, 1H), 2.98 (d, J= 15.73 Hz, 1H), 3.46 (br, 1H), 6.30 (dd, J= 7.91, 1.13 Hz, 1H), 
6.90-7.05 (m, 2H), 7.05 (d, J= 8.29 Hz, 2H), 7.10-7.20 (m, 1H), 7.29 (d, J= 7.91 Hz, 2H). 
5 LCMS (12 minute method) |M+H] + = 323 @Rt 5.06 min (100%). 

Example 22D; l-(4-ChIorophepvl)-3-methvl-3-(3-methvlamino-propylV3.4-dihvdro- 
i/f-quinoliii-2-one (21Di) 

This was prepared from (19Db) (100 mg, 0.30 mmol) using the same methods described 
10 for (21Da) to provide the racemate (97 mg). 1H NMR (300 MHz, CDCI3) (racemate) 8 

ppm 1.25 (s, 3H), 1.55-1.65 (m, 4H), 2.41 (s, 3H), 2.58 (m, 2H), 2.89 (d, J= 15.82 Hz, 
1H), 2.98 (d, J= 15.82 Hz, 1H), 3.12 (br, 1H), 6.29 (dd, J= 7.91, 0.94 Hz, 1H) , 6.95-7.10 
(m, 2H) , 7.14 (d, J= 8.67 Hz, 2H), 7.15 (m, 1H), 7.45 (d, J= 8.67 Hz, 2H). LCMS (12 

minute method) [M+H]+ = 343/345 @Rt 5.09 min (100%). 

15 

Example 23D ; l-(3,4-Difluorophenvl)-3-methvl-3-(3-methvlamino-propyl)-3,4- 
dihvdro-i/f-quinoIin-2-one (21Di) 

This was prepared.from (19Db) (100 mg, 0.30 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
20 the racemate (100 mg). 'H NMR (300 MHz, CDCI3) (racemate) 8 ppm 1.25 (s, 3H), 1.55- 

1.65 (m, 4H), 2.41 (s, 3H), 2.50-2.60 (m, 2H), 2.89 (d, J= 15.45 Hz, 1H), 2.90 (s, 1H), 
2.98 (d, J= 15.45 Hz, 1H), 6.30 (dd, J= 7.91, 1.13 Hz, 1H), 6.90-7.10 (m, 4H), 7.18 (dd, 

J= 7.16, 1.32 Hz, 1H), 7.22-7.35 (m, 1H). LCMS (12 minute method) [M+H] + = 345 @Rt 
4.85 min (97%). 

25 

Example 24D; 3-MethvI-3-(3-mcthvlamino-propvlVl-m-tolvl-3.4-dihydro-Jff- 
quinolin-2-one (21Dk) 

This was prepared from (19Db) (100 mg, 0.30 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
30 the racemate (90 nog). 'H NMR (300 MHz, CDCL) (racemate) 8 ppm 1.26 (s, 3H), 1.50- 

1.70 (m, 4H), 1.75 (s, 1H), 2.38 (s, 3H), 2.39 (s, 3H), 2.50-2.60 (m, 2H), 2.89 (d, J= 15.64 
Hz, 1H), 2.98 (d, J= 15.64 Hz, 1H), 6.30 (dd, J= 7.82, 1.04 Hz, 1H), 6.90-7.07 (m, 4H) , 
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7.18 (dd, J= 13.66, 7.63 Hz, 2H), 7.37 (t, J= 7.63 Hz, 1H). LCMS (12 minute method) 
[M+H] + = 323 @Rt 5.09 min (98%). 

Example 25D: l-f3.5- DifluorophenvD-3-methvI-3-r3-methvIamigo- P ropvl>-3.4- 
dihydro-ig-quinoIin-2-one f21DH 

This was prepared from (19Db) (100 mg, 0.30 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
the racemate (95 mg). 'H NMR (300 MHz, CDCI3) (racemate) 8 ppm 1.26 (s, 3H), 1.50- 
1.65 (m, 4H), 2.40 (s, 3H), 2.50-2.60 (m, 2H), 2.82 (br, 1H), 2.89 (d, J= 15.82 Hz, 1H), 
2.97 (d, J= 15.82 Hz, 1H), 6.34 (dd, J= 8.01, 1.04 Hz, 1H), 6.74-6.83 (m, 2H), 6.83-6.92 
(m, 1H), 6.97-7.13 (m, 2H), 7.19 (dd, J= 7.06, 1.22 Hz, 1H). LCMS (12 minute method) 
[M+H] + = 345 @ Rt 4.87 min, (97%). 

Example 26D; 6-Chloro-3-(3-methvlamino-propvl)-l-phenvl-3.4-dihvdro-lH- 
quinolin-2-one (21Dni) 

This was prepared from (20Da) (285 mg, 0.8 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by preparative 
LCMS to give the racemate (62 mg). *H NMR (300 MHz, CDClj) (racemate) 5 1.49-1.76 
(m, 3H), 1.86-1.95 (m, 1H), 2.33 (bs, 1H), 2.44 (s, 3H), 2.61-2.95 (m, 4H), 3.09-3.16 (m, 
1H), 6.24-6.27 (d, J= 8.67 Hz, 1H), 6.99 (dd, J= 8.67, 2.26 Hz, 1H), 7.17-7.19 (m, 3H), 
7.39-7.44 (m, 1H), 7.47-7.52 (m, 2H). LCMS (12 minute method) [M+H] + = 329/331 @ 
Rt 5.04 min (93%). 

Example 27D; 6-Chlor o-l-(4-chlorophenvl)-3-(3-methvIamino-propvl)-3.4-dihvdro- 
i.ff-quinolin-2-one (21Do) 

This was prepared from (20Da) (160 mg, 0.45 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by preparative 
LCMS to give the racemate (52 mg). 'H NMR (300 MHz, CDCI3) (racemate) 8 1.57-1.67 
(m, 1H), 1.73-1.75 (m, 2H), 1.87-1.9 (m, 1H), 2.47 (s, 2H), 2.64 (s, 1H), 2.68-2.73 (m, 
2H), 2.81-2.89 (m, 1H), 3.07-3.13 (m, 3H), 6.27 (d, J= 8.48 Hz, 1H), 7.02 (d, J= 8.48 Hz, 
1H), 7.14 (d, J= 8.29 Hz, 2H), 7.19 (s, 1H), 7.47 (d, J= 8.29 Hz, 2H). LCMS (12 minute 
method) [M+HT = 363/365 @ Rt 5.4 min (72%). 
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Example28D: 6-Chloro-3-methvl-3-(3-methvlamino-proPvD-l-p-tolvl-3.4- dihvdro- 
Jg-aninolin-2-one (21Dp) 

This was prepared from (20Db) (490 mg, 1.34 mmol) using the same methods described 
for (21Da) to provide the racemate (470 mg). The racemate was separated into its 
individual enantiomers using chiral HPLC. 'H NMR (300 MHz, CDCL,) (racemate) 5 1.25 
(s, 3H), 1.50-1.65 (m, 4H), 2.39 (s, 3H), 2.40 (s, 3H), 2.50-2.60 (m, 3H), 2.86 (d, J= 
16.01 Hz, 1H), 2.94 (d, J= 16.01 Hz, 1H), 6.24 (d, J= 8.67 Hz, 1H), 6.97 (dd, J= 8.76, 
2.35 Hz, 1H), 7.03 (d, J= 8.10 Hz, 2H), 7.14 (d, J= 2.26 Hz, 1H), 7.29 (d, J= 7.91 Hz, 
2H); l H NMR (300 MHz, MeOD-d4) (isomer hemi-D-tartrate salt) 5 1.15 (s, 3H), 1 .SO- 
US (m, 4H), 2.32 (s, 3H), 2.51 (s, 3H), 2.78 (br, 2H), 2.84 (d, J= 16.20 Hz, IH), 2.98 
(m, 1H), 3.15-3.25 (m, 2H), 4.22 (s, 1H), 6.14 (d, J= 8.85 Hz, 1H), 6.90-6.70 (m, 3H), 
7.19 (i J= 2.26 Hz, 1H), 7.25 (d, J= 7.91 Hz, 2H). LCMS (12 minute method) [M+H] + = 
357/359 @Rt 5.43 min (100%). 

Example 29D: e-Chloro-l-r^-chlorophenvD^-methvl-S-fS-methvlamiiio-proPvn-S^- 
dihvdro-JjEr-auinolin-2-one (21Da) 

This was prepared from (20Db) (490 mg, 1.34 mmol) using the same methods described 
for (21Da) to provide the racemate (425 mg). ! H NMR (300 MHz, CDCL.) (racemate) 8 
ppm 1.25 (s, 3H), 1.50-1.65 (m, 4H), 2.39 (s, 3H), 2.40 (br, 1H), 2.50-2.60 (m, 2H), 2.87 
(d, J= 16.20 Hz, 1H), 2.95 (d, J= 16.20 Hz, 1H), 6.23 (d, J= 8.85 Hz, 1H), 7.00 (dd, J= 
8.57, 2.35 Hz, 1H), 7.05-7.20 (m, 3H), 7.40-7.50 (m, 2H). LCMS (12 minute method) 
[M+H] + = 377/379 @Rt 5.26 min (94%). 

Example 30D: 3-Methvl-3-f3-methvlamino-propvn-l-thiophen-2-vI -3.4-dihvdro-lH- 
quinolin-2-one (22Da) 

This was prepared from (19Db) (200 mg, 0.60 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
the racemate (125 mg). *H NMR (300 MHz, CDC1 3 ) (racemate) 8 ppm 1.25 (s, 3H), 1.50- 
1.65 (m, 4H), 2.39 (s, 3H), 2.50-2.60 (br, 2H), 2.88 (d, J= 16.20 Hz, 1H), 2.97 (<L J= 16.20 
Hz, 1H), 3.17 (br, 1H), 6.58 (dd, J= 8.01, 0.85 Hz, 1H), 6.89 (dd, J= 3.58, 1.32 Hz, 1H), 
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6.95-7.15 (m, 3H), 7.16 (d, J= 7.16 Hz, 1H), 7.32 (dd, J= 5.65, 1.32 Hz, 1H). LCMS (12 
minute method) [M+H] + = 315 @Rt 4.35 min (98%). 

Example 31D; 3-Methvl-3-(3-methvlamino-propvn-l-thioDhen-3-vl-3.4-dihvdro-lH- 
aiiinolin-2-one (22Db) 

This was prepared from (19Db) (200 mg, 0.60 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2-2 to give 
the racemate (128 mg). J H NMR (300 MHz, CDC1 3 ) S 1.24 (s, 3H), 1.50-1.65 (m, 4H), 2.40 
(s, 3H), 2.50-2.60 (m, 2H), 2.87 (d, J= 15.82 Hz, 1H), 2.96 (d, J= 15.82 Hz, 1H), 3.07 (br, 
1H), 6.45 (dd, J= 8.10, 0.94 Hz, 1H), 6.92 (dd, J= 5.09, 1.32 Hz, 1H), 6.98 (td, J= 7.35, 
1.13 Hz, 1H), 7.07 (td, J= 7.77, 1.60 Hz, 1H), 7.16 (d, J= 7.35 Hz, 1H), 7.22 (dd, J= 3.20, 

1.32 Hz, 1H), 7.41 (dd, J= 5.09, 3.20 Hz, 1H). LCMS (12 minute method) [M+H] + = 315 
@Rt 4.29 min (100%). 

Scheme 4D - Preparation of intermediates 

{3-[l-(4-Methoxy-benzyl)^ 

propyl}-methyI-carbamic acid tert-butyl ester (23D) 
Step (i) 

Sodium hydride (340 mg, 60% dispersion in mineral oil, 8.55 mmol, J. 3 eq.) was added 
portionwise to a soln of (20Dc) (2.7 g. 6.57 mmol) in DMF (40 mL) at 0°C. The reaction 
mixture was left for 30 min at this temperature and then 4-methoxybenzyl chloride (1.16 
mL, 8.55 mmol, 1.3 eq.) in DMF (1 mL) was added dropwise over 10 min. The reaction 
mixture was warmed to rt slowly and after 1 h was poured into ethyl acetate (200 mL) and 
extracted with water (3 x 50 mL). The organic layer was separated, dried over MgS0 4 and 
concentrated under vacuo. The crude product was purified using automated 
chromatography (silica) (0 to 80% ethyl acetate\cyclohexane gradient) to provide the 4- 
methoxybenzyl protected 6-bromo precursor (2.2 g, 63%). 
Step (ii) 

The product from Step (i) (100 mg, 0.23 mmol), phenylboronic acid (85 mg, 0.70 mmol, 3 
eq.), K 2 C0 3 (138 mg, 1 mmol, 4.3 eq.) and Pd(PPh 3 ) 4 (11 mg, 0.009 mmol, 0.04 eq.) were 
suspended in ethanol (1 mL) and water (0.6 mL). The reaction mixture was heated at 80°C 
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overnight, cooled to rt and filtered through celite. The filtrate was poured into ethyl acetate 
(100 mL) and water (50 mL) and extracted. The organic layer was separated, dried over 
MgS0 4 and concentrated to provide the product (23D) (120 mg, 98%) that was used 
without further purification. 

5 

Methyl-[3-(3-methyl-2-oxo-6-pte 
carbamic acid fer/-butyl ester 
Step (iii) & (iv) 

A mixture of (23D) (120 mg, 0.23 mmol) and anisole (25 pL, 0.23 mmol) in trifluoroacetic 
1 0 acid (2.3 mL) was heated at 65°C under nitrogen for 4 h. The reaction mixture was 

concentrated under vacuo and the residue was dissolved in methanol (2 mL). The methanol 
soln was applied to an SCX-2 column (5g) and the column washed with methanol (50 mL). 
The product was eluted with 2N Et 3 N in methanol (50 mL) and the basic soln was 
concentrated to provide 3-Methyl-3-(3-methylammo-pro 
15 quinolin-2-one (72 mg, 100%). To a soln of this amine (72 mg, 0.23 mmol) in anhydrous 

THF (2 mL) at 0°C was added di-te/-/-butyl dicarbonate (53 mg, 97%, 0.24 mmol) in one 
portion. The reaction mixture was warmed to rt and stirred for 3 h. The reaction mixture 
was poured into ethyl acetate (25 mL) and water (10 mL) and extracted. The organic layer 
was separated, dried over MgSC>4 and concentrated to give the Boc protected precursor (95 

2 0 mg, 100%). This material was used without further purification. 

Scheme 4D - Examples 

Example 32D; 3-Methvl-3-f3-mcthvIamiDo-propvn-6-phenvl-l-p-tolvl-3,4-dihydro- 
25 lH-quinolin-2-one (24D) 

This was prepared from the above Boc protected precursor (95 mg, 0.23 mmol) using the 
same two-step procedure described above (19Da to 21Da) to provide the crude product, 
which was purified by SCX-2 to give the racemate (53 mg). X H NMR (300 MHz, CDC1 3 ) 
(racemate) 5 1.29 (s, 3H), 1.50-1.70 (m, 4H), 2.42 (s, 6H), 2.55-2.65 (m, 2H), 2.94 (d, J= 

3 0 15.64 Hz, 1H), 3.04 (d, J= 15.64 Hz, 1H), 3.18 (br, 1H), 6.38 (d, J= 8.29 Hz, 1H), 7.09 (d, J= 

8.10 Hz, 2H),.7.29 (m, 4H), 7.41 (m, 3H), 7.54 (m, 2H). LCMS (12 minute method) [M+H] + 
= 399 @Rt 6.06 min (100%). 



WO 2005/060949 



PCT/US2004/038221 



-223- 

The following examples illustrate compounds of of Formulae (BE) above and methods 
for their preparation. 

i 

Preparation of Intermediates 

1,1-Dimethylethyl (3S)-3-aminopyrrolidine-l-carboxylate 

a) 1,1 -Dimethylethyl (3/?)-3-hy droxypyrrolidine- 1 -carboxylate 

Solid diterf-butyldicarbonate (38.8g, 178mmol) was added in portions over 15 
minutes to a stirred solution of (3#)-pyrrolidin-3-ol hydrochloride (20g, 162mmol), 
triethylamine (24.8mL, 178mmol) and 4-(dimethylamino)-pyridine (20mg) in dry 
dichloromethane (300mL). After stirring for 2 hours at room temperature, the mixture 
was washed with aqueous citric acid, then brine. The organic extracts were dried 
(MgSOJ, filtered and evaporated in vacuo to give an oil. This was purified by flash 
chromatography on silica, eluting with ethyl acetate/cyclohexane (20:80 to 60:40), to give 
the title compound as a solid. 

b) 1,1-Dimethylethyl (3/?)-3-[(methylsulfonyl)oxy]-pyrrohdine-l-carboxylate 
Methanesulfonyl chloride (5.26mL, 68mmol) was added dropwise over 5 minutes to a 

stirred solution of 1,1 -dimethylethyl (3i?)-3-hydroxypyrrolidine-l -carboxylate (10.6g, 
56.7mmol) and triethylamine (11.8mL, 85mmol) in dichloromethane (250mL) at -10°C. 
After stirring for 1 hour at 0°C, the reaction was quenched by addition of water. The 
organic phase was washed with brine, dried (MgSO^, filtered and evaporated in vacuo to 
give an oil. This was purified by flash chromatography on silica, eluting with ethyl 
acetate/cyclohexane (25:75 to 50:50), to give the title compound as an oil. 

c) 1,1-Dimethylethyl (3S)-3-azidopyrrolidine-l -carboxylate 

Sodium azide (4.4g, 67.4mmol) was added to a solution of 1,1 -dimethylethyl (3/?)-3- 
[(methylsulfonyl)oxy]-pyrrolidine-l-carboxylate (14.3g, 54mmol) in dry 
dimethylformamide (75mL) and the resultant suspension heated at 65°C for 8 hours. 
After cooling to room temperature, the reaction mixture was diluted with water and 
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extracted into diethyl ether. The organic phase was washed two further times with water, 
then brine. The organic extracts were dried (MgSO^, filtered and evaporated in vacuo to 
give an oil. This was purified by flash chromatography on silica, eluting with diethyl 
ether/cyclohexane (20:80 to 40:60), to give the title compound as an oil. 

5 

d) 1,1-Dimethylethyl (3iS)-3-aminopyrrolidine-l-carboxylate 

A mixture of 1,1-dimethylethyl (3S)-3-azidopyrrolidine-l-carboxylate (9.0g, 
2.97mmol) and 5% palladium-on-carbon (0.70g) in methanol (150mL) was hydrogenated 
in a Parr apparatus at 65 p.s.i. for 4 hours. The catalyst was removed by filtration through 
1 0 Celite and the solvent evaporated in vacuo to give an oil. The resultant title compound 

was used in subsequent reactions without further purification. 

1,1-Dimethylethyl (3i?)-3-aminopyrrolidine-l-carboxylate was similarly prepared as 
described above, from (35)-pyrrolidin-3-oL 



15 



1,1-Dimethylethyl (3S)-3-[(l-methylethyl)amino]-pyrrolidine-l-carboxyIate 



A mixture of 1,1-dimethylethyl (35)-3-aminopyrrolidine-l-carboxylate (3.0g) and 5% 
palladium-on-carbon (0.35g) in methanol (75mL) and acetone (15mL) was hydrogenated 
20 in a Parr apparatus at 65 p.s.i. for 3 hours. The catalyst was removed by filtration through 

Celite and the solvent evaporated in vacuo to give an oil. The resultant title compound 
was used in subsequent reactions without further purification. 

l K NMR (300 MHz, CDCy 6 H : 1.11-1.19 (m, 6H), 1.45 (s, 9H), 1.55-1.75 (m, 1H), 2.01- 
2.15 (m, 1H), 2.80-2.92 (m, 1H), 2.93-3.05 (m, 1H), 3.25-3.70 (m, 4H). 

25 

The following secondary amines were similarly prepared by reductive 
alkylation of 1,1-dimethylethyl (35)-3-aminopyrrolidine-l-carboxylate with the 
appropriate aldehyde or ketone: 

1 , 1 -Dimethylethyl (35)-3 -(cyclopentylamino)pyrrolidine- 1 -carboxylate 
3 0 1,1-Dimethylethyl (3iS)-3-[(cyclohexylmethyl)amino]-pyrroUdine-l-carboxylate 



1,1-Dimethylethyl (3S)-3-({[2-(trifluoromethyl)phenyl]-methyl}ammo)pyrroIidine-l- 
carboxylate 
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Method A 

a) (3iS)-i\H(^-[2-(Trffl^ 

3(iS)-PyiToUdin-3-amine (0.45g, 5.2mmol) and trifluoromethylbenzaldehyde (0.87g, 
S.Ommol), a crystal of 4-toluenesulphonic acid and toluene were refhixed with stirring for 
one day, using a Dean and Stark apparatus. The solution was evaporated in vacuo to give the 
title compound as a brown oil (M+H = 243). 

b) 1,1-Dimethylethyl (3S)-3-({(E)-[2-(trifluoromethyl)- 
phenyl]methylidene } amino)pyrrolidine- 1 -carboxylate 

(3^-iAf-{(j^-[2-(Trifluoro^ (1 .2 1 g, 

5mmol) was dissolved in dichloromethane (50 mL), and di-ter*-butyl dicarbonate (l.lg, 
5.05mmol) followed by DMAP (60mg, O.Smmol) was added. After stirring under nitrogen 
for 4 hours, the solution was evaporated in vacuo to give the title compound as a brown oil 
(M + H = 343). 

c) 1,1-Dimethylethyl (3S)-3-({[2-(trifluoromethy^ 
carboxylate 

1,1-Dimethylethyl (35)-3-({(.B)-[2-(trifluoromethyl)- 
phenyl]methyUdene}aiiiino)pyrrolidine-l-carboxylate (1.71g, 5mmol) was hydrogenated in 
the presence of 5% palladium on carbon (250mg) at 65psi in ethanol (60mL). After 3.5 hours, 
the catalyst was filtered off and the filtrate evaporated in vacuo to give an oil. The oil was 
purified by automated flash chromatography over silica, eluting with 10% ethyl acetate in 
cyclohexane (10:90 to 50:50), to give the title compound as a colourless oil (l.Og, 58%; M + 
H = 345). 

Method B 

a) (3S)-iV-{ [2-(Trifluoromethyl)phenyl]methyl}pyn:oUdin-3-amine 

A mixture of 3(5)-pyrroUdin-3-amine (4g, 46.5mmol), 2-trifluoromethylbenzaldehyde 
(9.1g, 46.5mmol), 5% palladium on carbon (0.4g) and ethanol (150mL) was hydrogenated at 
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60psi for 3 hours using a Parr hydrogenator. The catalyst was filtered off and the filtrate 
evaporated in vacuo to give the title compound as an oil. MS: [M+H] = 245. 

b) 1,1-Dimethylethyl (3S)-3-({[2-(trifluorome^ 
carboxylate 

(3S)-iV r -{[2-(Trifluoromethyl)phenyl]methyl}pyir (12g, 49.2mmol) was 

dissolved in dichloromethane (120 mL), then di-tert-butyl dicarbonate (10.7g, 49.2mmol) 
and DMAP (40mg, 0.33mmol) were added. After stirring under nitrogen for 1 day, the 
solution was evaporated in vacuo to give an oil. The oil was purified by automated flash 
chromatography over silica, eluting with ethyl acetate in cyclohexane (0:100 to 40:60), to 
give the title compound as a colourless oil. 

MS: [M+H] = 345. 

1,1-Dimethylethyl (3S)-3-({[4-fluoro-2-(trifluoromethyl). 
phenyl]methyl}amino)pyrroUdine-l-carboxylate 

1,1-Dimethylethyl (35)-3-aminopiperidine-l -carboxylate (5g) and 4-fluoro-2- 
(trifluoromethyl)benzaldehyde (5.15g, 26.8mmol)were allowed to stir in methanol for 
16h at room temperature. Sodium borohydride (1.62g, 26.8mmol) was then added 
portionwise. The resulting solution was further stirred for 2 h at room temperature. The 
solvent was evaporated in vacuo, water was added, and the solution extracted with 
dichloromethane. The organic extracts were absorbed onto a methanol washed cationic 
ion exchange resin (Isolute ™ SCX-2). The basic components were recovered from the 
column by elution with 7N ammonia in methanol. The resultant solution was 
concentrated in vacuo to yield the desired compound as an oil. This was further purified 
by column chromatography on silica gel, eluting with ethyl acetate/iso-hexane (0:100 to 
40:60). The title compound was used in subsequent reactions without further purification. 

'H NMR (300 MHz, CDCy 8 H : 7.37-7.28 (m, 2H), 7.24-7.20 (m, 1H), 3.80 (s, 2H), 
3.52-3.48 (m, 2H), 3.32 (m, 3H), 3.12 (m, 1H), 2.08-2.0 (m, 1H), 1.75 (m, 1H), 1.45 (s, 
9H). 
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The following secondary amines were similarly prepared by reductive alkylation of 1,1- 
dimethylethyl (3S)-3-aminopiperidine-l -carboxylate with the appropriate 
benzaldehyde: 1,1-Dimethylethyl (3S)-3-{ [(3,5-dichloro-phenyl)methyl]- 
amino } pyrrolidine- 1 -carboxylate. 

1,1-Dimethylethyl (3S)-3-{ [(5-fluoro-2-(trifluoromethyl)- 
phenyl)methyl] amino } pyrrolidine- 1 -carboxylate. 

1,1-Dimethylethyl (3S)-3-{ [(2-cMoro-4-fluoro-phenyl)-methyl]amino} pyrrolidine- 1- 
carboxylate. 

Example IE: (3iSViV-a-MethvlethvlVj^ 
amine D-tartrate 

a) 1,1-Dimethylethyl (35)-3-((l-methylethyl)-{[3,5-dicWorophenyl]melliyl}amino)- 
pyrrolidine- 1-carboxylate 

To a solution of 1,1-dimethylethyl (35)-3-[(l-methyletbyl)amino]-pyrrolidine-l- 
carboxylate (lg, 4.4 mmol) and 3,5-dichlorobenzaldehyde (1.53g, 8.77 mmol) in 
trimethylorthoformate (10 mL) at room temperature under a nitrogen atmosphere was 
added portionwise sodium triacetoxyborohydride (L3g, 6.1 mmol). The reaction was 
stirred at room temperature for 72 hours, then evaporated to dryness in vacuo. The 
residue was taken up in aqueous saturated sodium hydrogen carbonate/dichloromethane 
mixture. The aqueous layer was further extracted with dichloromethane (3X), and the 
combined organic layers dried (MgSO^ and evaporated to dryness in vacuo. The 
resulting residue was dissolved in methanol and filtered through a cationic ion exchange 
resin (Isolute ™ SCX-2). The basic components were recovered from the column by 
elution with 2N ammonia in methanol. This solution was concentrated in vacuo to yield 
the desired compound as a yellow oil that was used in the next step without further 
purification. l H NMR (300 MHz, CDCI3) 8 H : 0.95-1.04 (m, 6H), 1.45 (s, 9H), 1.56-1.77 
(m, 1H), 1.8-1.94 (m, 1H), 2.9-3.09 (m, 2H), 3.11-3.25 (m, 1H), 3.32-3.56 (m, 3H), 3.59 
(s, 2H), 7.15-7.27 (m, 3H). MS: [M+H] = 387/389/391. 

b) (35)-iV-(l-Methylethyl)-iV-{ [3,5-dicmorophenyl]methyl}-pyrrohdin-3-amine £)-tartrate 

1,1-Dimethylethyl (35)-3-((l-methylethyl)-{ [3,5- 
dicUorophenyl]methyl}amino)pyrrolidine-l-carboxylate (1.36g, 3.51 mmol) was 
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dissolved in a mixture of dichloromethane and trifluoroacetic acid (10 mL, 2:1) and 
starred at room temperature for 30 minutes. The reaction solution was concentrated in 
vacuo and redissolved in MeOH. This solution was filtered through a cationic ion 
exchange resin (Isolute ™ SCX-2). The basic components were isolated by elution with 
5 2N ammonia in methanol and further purified by UV guided prep-LC. The desired 

compound was isolated from the acidic prep-LC mobile phase via a cationic ion exchange 
resin as described above. After evaporation in vacuo the residue was dissolved in hot 
cyclohexane (5 mL) and to this was added an equimolar amount of D-tartaric acid (450 
mg), dissolved in a minimal amount of hot isopropanol. The solution was evaporated in 
1 0 vacuo to yield the title compound as a solid. *H NMR (300 MHz, d6-DMSO) 8 H : 0.95- 

0.99 (m, 6H), 1.58-1.71 (m, 1H), 1.91-2.00 (m, 1H), 2.76-2.91 (m, 2H), 2.97-3.07 (m, 
1H), 3.18-3.25 (m, 2H), 3.55-3.67 (m, 4H), 3.95 (s, 2H), 7.37-7.38 (m, 2H), 7.43-7.45 (m, 
1H). MS: [M+H] = 287/289/291. 

15 The following Examples were similarly prepared as described above for Example IE, by 

reductive alkylation of 1,1-dimethylethyl (3«S)-3-[(l-methylethyl)ainino]-pyrrolidine-l- 
carboxylate with the appropriate substituted benzaldehyde: 

Example 2E: (3^AT-a-MethvlethvlV^ 
20 3-amine fumarate 

J H NMR (300 MHz, CD 3 OD) 8 H : 0.99 (s, 6H), 2.06 (m, 1H), 2.37 (s, 3H), 3.01-2.85 
(m, 1H), 3.18-3.06 (m, 1H), 3.46-3.19 (m, 4H), 3.67 (dd, 2H), 6.60 (s, 2H), 7.10-7.02 (m, 
1H), 7.20-7.11 (m, 2H), 7.40 (dd, 1H); MS: [M+H] = 265. 

25 

The following Examples were similarly prepared as described above for Example IE, 
by reductive alkylation of 1,1-dimethylethyl (35)-3-[(cyclohexylmethyl)amino]- 
pyrrolidine-l-carboxylate with the appropriate substituted benzaldehyde: 



30 



Example 3E: r3iSl-Ar-(C>clohexvtoeth^^ 
methvllpyrrolidin-3-amine fumarate 
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'H NMR (300 MHz, CD 3 OD) 8 H : 0.86-0.69 (s, 3H), 1.22-1.12 (m, 3H), 1.41-1.29 (m, 
1H), 1.84-1.67 (m, 5H), 2.16-1.95 (m, 2H), 2.34 (d, 2H), 2.38 (s, 3H), 3.23-3.05 (m, 1H), 
3.44-3.28 (m, 4H), 3.78-3.55 (m, 2H), 6.70 (s, 2H), 7.16 (s, 2H), 7.35-7 32 (m, 1H); MS: 
[M+H] = 319. 

5 

Example 4E; f3^-Ar-(C vclohexvlmethvlWV-rf2-flnorophenvnmethvll-nvrroUdiii-3- 
amine fumarate 

'H NMR (300 MHz, CD 3 OD) 8 H : 0.83-0.75 (s, 6H), 1.24-1.17 (m, 3H), 1.48-1.42 (m, 
10 1H), 1.85-1.68 (m, 5H), 2.03-1.92 (m, 1H), 2.17-2.10 (m, 1H), 2.35 (d, 2H), 3.25-3.05 

(m, 1H), 3.44-3.32 (m, 4H), 3.81-3.62 (m, 2H), 6.71 (s, 2H), 7.20-7.05 (m, 2H), 7.33-7.27 
(m, 1H), 7.47-7.42 (m, 1H); MS: [M+H] = 291. 

Example SE: r3^-Ar-r(2-C hlorophenvnmethvlT-A^-fcvcloherylmethvlVpvrrolidiii-3- 
15 amine fumarate 

'H NMR (300 MHz, CD 3 OD) 8 H : 0.89-0.77 (m, 2H), 1.24-1.13 (m, 3H), 1.36 (d, 6H) , 
1.49-1.42 (m, 1H), 1.83-1.68 (m, 5H), 2.15-1.93 (m, 2H), 2.35 (d, 2H), 3.20-3.06 (m, 
1H), 3.33-3.23 (m, 4H), 3.75-3.42 (m, 2H), 4.69-4.61 (m, 1H), 6.70 (s, 2H), 6.98-6.88 (m, 
20.. 2H), 7.35 (d, 1H), 7.50-7. 19 (m, 1H); MS : [M+H] = 307. 

Example 6E: ( 3^-JV-rCvclohexvlmethvn-iV-(Q-n-rmethvlethvnoxv1- 
Dhenvl)methvnnvrrolidin-3-amine fumarate 

25 'H NMR (300 MHz, CD 3 OD) 8 H : 0.89-0.77 (m, 2H), 1.24-1.13 (m, 3H), 1.36-1.34 

(dd, 6H), 1.49-1.42 (m, 1H), 1.83-1.68 (m, 5H), 1.93 (m, 2H, m), 2.35 (d, 2H), 3.20-3.06 
3.20-3.06 (m, 1H), 3.33-3.23 (m, 4H), 3.75-3.42 (m, 2H), 4.69-4.61 (m, 1H), 6.70 (s, 2H), 
6.98-6.88 (m, 2H), 7.35 (d, 1H), 7.50^7.19 (m, 1H); MS: [M+H] = 331. 

30 Example 7E:(3^-iV-ir5- Fluoro-2-ftrifluoromethvD P henvllmethvn-iV-(tetrahvdro- 

2i7-pvran-4-vDpvrrolidin-3-amineD-tartrate 
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a) 1,1-Dimethylethyl (3^-3-[(tetrahydro-2#-py^^ 

Neat tetrahydro-4J?-pyran-4-one (18.7g, lOOmmol) and 1,1-dimethylethyl (3*S>3- 
aminopyrrolidine-l-carboxylate (26. lg, 140.1 mmol) were stirred together for 20 minutes 
prior to addition of anhydrous dichloroethane (140mL). The solution was then cooled to 
5 0°C under nitrogen and stirred as sodium triacetoxyborohydride ( 59.2g, 281mmol) was 

added portionwise. The reaction was allowed to warm to room temperature and stirred for 
5 days, after which the reaction solution was carefully poured onto ice-cold aqueous 
sodium hydrogen carbonate solution. The phases were separated and the aqueous phase 
washed with dichloromethane. The combined organic phases were dried (MgSO^ and 

1 0 concentrated in vacuo. The crude product was purified by automated flash 

chromatography on silica, eluting with methanol in ethyl acetate (0:100 to 30:70), to 
provide the title compound as an off-white solid. 'H NMR (300 MHz, d6-DMSO) 8 H : 
1.13-1.29 (m, 2H), 1.39 (s, 9H), 1.55-1.65 (m, 1H), 1.68-1.81 (m, 2H), 1.87-2.00 (m, 1H), 
2.64 (sep, 1H), 2.91 (sex, 1H), 3.10-3.45 (m, 6H), 3.81 (dt, 2H). MS: [M+H] = 271, 

15 [M+H-tBu] = 215. 

b) (3S)-N-{ [5-Huoro-2-(trffluorometty^ 
yl)pyrrolidin-3-amine ^-tartrate 

To a stirred solution of 1,1-dimethylethyl (S^-S-t^etrahydro^H-pyran^- 
2 0 yl)amino]pyrrolidine-l-carboxylate (1.12g, 4.2mmol) and 5-fluoro-2- 

(trifluoromethyl)benzaldehyde (4.56g, 23.8mmol) in anhydrous dichloroethane (50mL) 
was added portionwise sodium triacetoxyborohydride (3.86g, 18.3mmol). The reaction 
mixture was stirred at room temperature under nitrogen and the reaction progress was 
followed by MS. After 2 days more reagents were added: 5-fluoro-2- 

2 5 (trifluoromethyl)benzaldehyde (0.98g, 5. lmraol) and sodium triacetoxyborohydride 

(3.00g, 14.2mmol), and after a further 2 days the reaction was found to be complete. The 
reaction solution was carefully poured onto ice-cold saturated aqueous sodium hydrogen 
carbonate solution and filtered through a PTFE hydrophobic frit. The organic phase was 
concentrated in vacuo and the residue redissolved in methanol. The methanolic solution 

3 0 was filtered through a cationic ion exchange resin (Isolute ™ SCX-2) and the basic 

components isolated by elution with 2N ammonia in methanol. After concentrating in 
vacuo, the residue was redissolved in dichloromethane /trifluoro-acetic acid (2:1) and 
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allowed to stir at room temperature for 4 hours. The reaction mixture was concentrated in 
vacuo and redissolved in methanol. The methanolic solution was filtered through a 
cationic ion exchange resin (Isolute ™ SCX-2) and the basic components isolated by 
elution with 2N ammonia in methanol. The crude product was purified by UV guided 
5 prep-LC, and the desired compound collected from the acidic prep-LC mobile phase via a 

cationic ion exchange resin, as described above. The basic product was dissolved in hot 
cyclohexane and to this was added an equimolar amount of D-tartaric acid dissolved in a 
minimal amount of hot isopropanol. The solution was allowed to cool overnight, and the 
next day the resultant solid was filtered off and dried in vacuo, to yield the title 
10 compound as a white crystalline solid. *H NMR (300 MHz, d6-DMSO) 8 H : 1.40-1.80 (m, 

5H), 1.91-2.06 (m, 1H), 2.61-2.74 (m, 1H), 2.81-2.93 (dd, 1H), 2.97-3.11 (dt, 1H), 3.12- 
3.31 (m, 4H), 3.69-3.96 (m, 7H), 7.49-7.61 (m, 2H), 7.90-7.99 (m, 1H). MS: [M+H] = 
347. 

15 The following Examples were similarly prepared from 1,1-dimethylethyl (35)-3- 

[(tetxahydro-2JFf-pyran-4-yl)amino]pyrroUdine-l-carboxylate and the appropriate 
benzaldehyde, as described above for Example 7E: 

Example 8E: (33ViV-(r2-frrifluoromet^ 
20 4-vDpyrrolidin-3-amine hemi-D-tartrate 

*H NMR (300 MHz, d6-DMSO) 5 H : 1.35-1.75 (m, 5H), 1.90-2.04 (m,lH), 2.63-2.75 
(m, 1H), 2.76-2.86 (m, 1H), 2.94-3.03 (m, 1H), 3.10-3.25 (m, 4H), 3.67-3.90 (m, 6H), . 
7.43 (t, 1H), 7.66 (t, 2H), 7.92 (d, 1H); MS: [M+H] = 329. 

25 

Example 9E: (3SVAr-(l-Methvlethv^^^ 
flttorophenyllmethvllpvrrolidiii-3-amine famarate 

a) 1,1-Dimethylethyl (3S)-3-((l-methylethyl)-{ [2-(trifluoromethyl)-5- 
3 0 fluorophenyl]methyl } amino)-pyrroUdine-l-carboxylate 
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A solution of 1,1-dimethylethyl (35)-3-[(l-methylethyl)ainino]pyrrolidine-l- 
carboxylate (0.34g, l.Smmol) and 2-(trifluoromethyl)-5-fluorobenzyl bromide (0.58g, 
2.25mmol) in acetonitrile (5mL) was heated at reflux with anhydrous potassium 
carbonate (0.41g, 3mmol) for 24 hours. The reaction mixture was cooled, diluted with 
ethyl acetate and washed with water. The organic extracts were washed with brine, dried 
(MgSO^, filtered and evaporated in vacuo to give an oil. This was purified by flash 
chromatography on silica, eluting with ethyl acetate/cyclohexane (0:100 to 10:90), to give 
the tide compound as an oil. 

b) (35)-A^-(l-Methylethyl)-iV-{ [2-(trifluoromethyl)-5- 
fluorophenyl]methyl}pyrrolidin-3-amine fumarate 

A solution of 1,1-dimethylethyl (35)-3-((l-me1hylethyl)-{[2-(trmuorome1iiyl)-5- 
fluorophenyl]-methyl}ainino)-pyrroUdine-l-carboxylate (0.26g) in a mixture of 
trifluoroacetic acid (2mL), dichloromethane (8mL) and water (0.2mL) was stirred at room 
temperature for 3 hours. The reaction mixture was evaporated in vacuo. The crude 
mixture was taken up in methanol and absorbed onto an SCX-2 ion exchange cartridge. 
After initially washing with methanol, the product was eluted with 2M methanolic 
ammonia and the collected fractions evaporated in vacuo. The crude product was taken 
up in methanol and fumaric acid (1 equiv.) in methanol added. The solvent was removed 
in vacuo and the resultant gum triturated with diethyl ether. The solid formed was filtered 
off and dried in vacuo at 50°C to yield the title compound as an off-white 
microcrystalline sohcL ! HNMR (300 MHz, CD 3 OD) 8 H : 1.09 (d, 3H), 1.10 (d, 3H), 1.87 
(m, 1H), 2.15 (m, 1H), 3.01 (m, 2H), 3.23 (m, 1H), 3.38 (m, 2H), 3.81 (m, 1H), 3.91 (s, 
2H), 6.70 (s, 2H), 7.15 (dt, 1H), 7.73 (m, 2H); MS: [M+H] = 305. 

The following Examples were similarly prepared as described for Example 9E, 
using the appropriate substituted benzyl bromide in step b) above: 

Example 10E: (3SViV-(ri.r-Biphenvl^^ 
amine fumarate 
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l HNMR (300 MHz, CD3OD) 8 H : 0.95 (d, 6H), 1.75 (m, 1H), 1.91 (m, 1H), 2.75 (dd, 
1H), 2.93 (sept, 1H), 3.10 (m, 2H), 3.25 (m, 1H), 3.60 (m, 3H), 6.70 (s, 2H), 7.17 (dd, 
1H), 7.25-7.48 (m, 7H), 7.67 (d, 1H); MS: [M+H]= 295. 

Example HE: Methyl ^iSl-pvrrolidin-S-vUFl-rtrifluoromethvDphenvll- 
methvUamino)acetate ZMartrate 

60% Sodium hydride oil dispersion (39mg, 0.95mmol) was added to 1,1-dimethylethyl 
(3S)-3-({[2-(trifluoromethyl)^ (250mg, 
0.73mmol) in DMF (5mL). After heating at 50°C for 1 hour under nitrogen, methyl 
bromoacetate (123mg, 0.73mmol) was added. After heating overnight at 50°C overnight, 
excess water was added and the product was extracted into ether. The ether was washed with 
water, dried (MgS04) and evaporated in vacuo to give an oil (460mg). The oil was dissolved 
in dichloromethane (5mL) and trifluoroacetic acid (0.5mL) was added. After stirring for 1 
day, the solution was evaporated in vacuo to give an oil. The oil was purified using 
preparative LCMS to give the product as the acetate salt, which was converted to the free 
base by absorption onto a cationic ion exchange resin (Isolute ™ SCX-2) and eluting the 
basic fractions with 2N ammonia in methanol. The resultant oil was converted to the D- 
tartaric acid salt (crystallised from ethanol/ diethyl ether) to give the title compound as a 
white solid. 1 HNMR(300 MHz, CD3OD) 8 H : L84-196 (m, 1H), 2.06-2.14 (m, 1H), 3.06-3.37 
(2 x m,6H), 3.57 (s, 3H), 3.77-3.86 quin,lH), 3.91-4.06 (q, 2H), 4.29 (s, 2H), 7.32-7.36 (t, 
1H), 7.49-7.54 (t, 1H), 7.56-7.59 (d, 1H), 7.76-7.89 (d, 1H); MS: [M+H] = 317. 

The following Examples were prepared from 1,1-dimethylethyl (3S)-3- 
aminopyrroUdine-l-carboxylate by initial reductive alkylation with 2- 
methylpropanaldehyde, followed by a second reductive alkylation with the appropriate 
benzaldehyde and subsequent deprotection. 

Example 12E: (3iSVAT-i[2-fl\lethoxy)phe^ 
amine fumarate 
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l H NMR (300 MHz, CD 3 OD) 8 H : 0.82 (dd, 6H), 1.66 (sept, 1H), 1.79-1.92 (m, 1H), 1.92- 
2.06 (m, 1H), 2.19-2.22 (m, 2H), 2.96-3.13 (m, 2H), 3.18-3.31 (m, 2H), 3.59-3.67 (m, 2H), 
3.74 (s, 3H), 6.59 (s, 2H), 6.80-6.87 (m, 2H), 7.11-7.18 (m, 1H), 7.25 (dd, 1H); MS: [M+H] 
= 263. 

The following Examples were prepared from 1,1-dimethylethyl (35)-3-({[2- 
(trifluoromemyl)phenyl]-memyl}amm^ by reductive alkylation 

with the appropriate aldehyde or ketone and subsequent deprotection. 

Example 13E: (35ViV-a-MethvlethvlWV-{ r2-(trifluoromethvn- 
phenvll methyl) pyrrolidin-3-amine famarate 

'H NMR (300 MHz, CD 3 OD) 5 H : 7.98-8.00 (d, 1H), 7.60-7.68 (d+t, 2H), 7.38-7.43(t, 
1H), 6.70 (s, 2H), 3.91 (bs, 2H), 3.74-3.85 (m, 1H), 3.17-3.40 (M, 5H), 2.96-3.10 (m,3H), 
2.08-2.18 (m, 1H), 1.82-1.96 (m,lH), 1.08-1.11 (dd, 6H); MS: [M+H] = 287. 

Example 14E: (35ViV-Ethvl-iV-(r2-ftrifluo^ 
fumarate 

l H NMR (300 MHz, CD 3 OD) 5 H : 8.00-8.03 (d, 1H), 7.67-7.76 (d+t, 2H), 7.47-7.52 (t, 
1H), 6.77 (s, 2H), 3.89-4.03 (q, 2H), 3.65-3.75 (quin, 2H), 3.43-3.53 (m, 2H), 3.28-3.41 
(m, 1H), 3.17-3.23 (m, 1H), 2.73-2.84 (q, 2H), 2.19-2.30 (m, 2H), 2.19-2.30 (m, 1H), 
1.98-2.14 (m, 1H), 1.10-1.15 (t, 3H); MS: [M+H] = 273, 

Example 15E; (35^-iV-Propvl-JV-lf2-(trifluoromethvlmhepvl1methYU-pvrrolidip-3-amme 
famarate 

'H NMR (300 MHz, CD 3 OD) 8 H : 7.92-7.94 (d, 1H), 7.60-7.69) d+t, 2H), 7.40-7.45 (t, 
1H), 6.69-6.73 (s, 2H), 3.82-3.98 (q, 2H), 5.59-3.69(quin, 1H), 3.35-3.45 (m, 2H), 2.80-3.21 
(m, 1H), 3.08-3.15 (m, 1H), 2.54-2.59 (q, 2H), 2.10-2.21 (m, 1H), 1.90-2.06 (m, 1H), 1.44- 
1.56 (quin, 2H), 0.86-0.91 (T, 3H); MS: [M+H] = 287. 
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Example 16E: (3^>-A^-(Cvclohexvlniethvn-JV-U2-ftriflnoromethvlV 
phenvllmethvllpyrrolidin-3-amine fumarate 

*H NMR (300 MHz, CD 3 OD) 8 H : 77.89-7.92 (d, 1H), 7.61-7.70 (d+t, 2H), 7.41-7.49 (t, 
1H), 6.70 (s, 2H), 3.81-3.95 (q, 2H), 3.56-3.67 (quin, 1H), 3.31-3.43 (m, 2H), 3.14-3.23 (m 5 
1H), 3.04-3.11 (m, 1H), 2.39-2.41 (d, 2H), 2.06-2.13 (m, 1H), 1.70-2.01 (m, 6H), 1.34-1.46 
(m, 1H), 1.12-1.23 (m, 1H), 0.83-0.89 (m, 2H); MS: [M+H] = 341. 

Example 17E: (3^-iV-BuM-iV-(f2-(^trifluoromethvftphenvllmethvB-pvrroMdin-3-amine 
fumarate 

'H NMR (300 MHz, CD 3 OD) 8 H : 7.91-7.94 (d, 1H), 7.60-7.69 (m, 2H), 7.40-7.45 (t, 
1H), 6.70 (s, 2H), 3.82-3.96 (q, 2H), 3.59-3.69 (quin, 1H), 3.32-3.50 (m, 2H), 3.22-3.29 
(m, 1H), 3.09-3.15 (q, 1H), 2.58-2.63 (t, 2H), 2.10-2.21 (m, 1H), 1.90-2.04 (m, 1H), 1.42- 
1.51 (m, 2H), 1.17-1.37 (m, 2H), 0.87-0.91 (t, 3H); MS: [M+H] = 301. 

Example 18E; (35>-iV-(2-EthvlbtttvlVA^(r2-ftrMuoromethvnphenvll-methvnpvrroiidin- 
3-amine sesquifumarate 

! H NMR (300 MHz, CD 3 OD) 8 H : 7.77-7.80 (d, 1H), 7.49-7.60 (m, 2H), 7.29-7.34 (t, 
1H), 6.60 (s, 1.5H), 3.70-3.81 (q, 2H), 3.46-3.57 (quin, 1H), 3.20-3.33 (m, 2H), 2.94-3.13 
(m, 2H), 2.32-2.34 (d, 2H), 1.97-2.07 (m 1H), 1.78-1.91 (m, 1H), 1.05-1.40 (m, 5H), 
0.69-0.76 (m, 6H). MS: [M+H] = 329. 

Example 19E; (3iSl-iV-fr2-fTrifluoromethvnphepvllmetlivl>-jV-(333- 
trifluoropropvOpviToUdin-3-aniine fumarate 

'H NMR (300 MHz, CD3OD) 8 H : 7.76-7.78 (d, 1H), 7.50-7.60 (d+t, 2H), 7.32-7.37 (t, 
1H), 6.58 (s, 2H), 3.75-3.89 (q, 2H), 3.48-3.59 (quin, 1H), 3.126-3.22 (m, 1H), 2.98-3.05 (dd, 
1H), 2.75-2.80 (t, 2H), 2.18-2.34 (m, 2H), 2.02-2.13 (m, 1H), 1.80-1.93 (m, 1H); MS: [M+H] 
= 341. 
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Example 20E; f35 , >-iV-(Furan-2-vlmethvlVA^-(r2-(triflnoromethvnphenvll- 
methvUpvrrolidin-3-amine P-tartrate 

! H NMR (300 MHz, CD 3 OD) 8 H : 7.83-7.86 (d, 1H), 7.49-7.58 (t+s, 2H), 7.29-7.38 (m, 
2H), 6.23-6.26 (m, 1H), 6.14-6.15 (m, 1H), 4.30 (s, 2H), 3.78-3.91 (q, 2H), 3.66-3.67 (m, 
2H), 3.25-3.55 (m, 3H), 2.30-3.17 (m, 2H), 2.05-2.16 (m, 1H), 1.83-1.96 (m, 1H); MS: . 
[M+H] = 325. 

Example 21E: (35^-iV-r3-rMethvltDio^propvll-iV-f r2-(trifluoromethvn- 
phenvll methvUpyrrolidin-3-amine D-tartrate 

l H NMR (300 MHz, CD 3 OD) 8 H : 7.90-7.92 (d,lH), 7.61-7.70 (d+t, 2H), 7.41-7.46 (t, 
1H), 4.42 (s, 2H), 3.84-3.97 (q, 2H), 3.59-3.69 (quin, 1H), 3.38-3.47 (m, 2H), 3.19-3.29 (m, 
1H), 3.09-3.16 (m, 1H), 2.70-2.77 (dt, 2H), 2.48-2.52 (t, 2H), 2.08-2.21 (m, 1H), 1.89-2.08 
(s+m, 4H), 1.69-1.79 (quin, 2H); MS: [M+H] = 333. 

Example 22E; jV-^Phenvlmethvn-iV-r(3iy>-pvrro liHin-^-Yl]-^-{[2- 
(trifluoromethvRphenvllmethvUaminefamarate 

l H NMR (300 MHz, CD3OD) 5 H : 7.93-7.96 (d, 1H), 7.60-7.68 (q, 2H), 7.23-7.44 (m, 
6H), 6.69 (s, 2H), 3.83-3.94 (s,2H), 3.61-3.80 (m, 3H), 3.32-3.44 (m, 2H), 3.08-3.25 (m, 2H), 
1.99-2.22 (m, 2H); MS: [M+H] = 335. 

Example 23E: (35r>-iV-fr2-rMethvloxv^phenvllmethvn-iV-(r2- 
(trifluoromethvI>phenvllmethvnpvTrolidin-3-aiiiine fumarate 

X H NMR (300 MHz, CD3OD) 8 H : 7.85-7.87 (d, 1H), 7.61-7.64 (d, 1H), 7.52-7.58 (t, 
1H), 7.21-7.40 (m, 3H), 6.81-6.97 (m, 2H), 6.69 (s, 2H), 3.61-3.97 (m, 8H), 3.16-3.44 (m, 
4H), 1 .20-2.21 (m, 2H); MS: [M+H] = 365. 
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Example 24E: (3S)-NJV-bis( r2"rrrMttoromethvnDhenvi1methvl>-pyiToUdin-3-amine 
fumarate 

*HNMR (300 MHz, CD 3 OD) 8 H : 7.90-7.92 (d, 2H), 7.66-7.69 (d, 2H),7.59-7.64 (t, 2H), 
7.40-7.45 (t, 2H), 6.69 (s, 2H), 3.91 (s, 4H), 3.62-3-74 (quin, 1H), 3.36-3.46 (m, 2H), 3.16- 
3.26 (m, 2H), 2.02-2.24 (m, 2H); MS: [M+H] = 403. 

The following examples illustrate compounds of of Formulae (IF) above and methods 
for their preparation. 

Preparation of Intermediates 

1,1-DimethylethyI (35)-3-aminopiperidine-l-carboxylate 

e) 1,1 -Dimethylethyl (3if)-3-hydroxypiperidine- 1-carboxylate 

Solid diterf-butyldicarbonate (26.6g, 122mmol) was added in portions over 15 
minutes to a stirred solution of (3i?)-piperidin-3-ol hydrochloride (15.25g, lllmmol), 
triethylamine (30.9mL, 222mmol) and 4-(dimethylamino)-pyridine (50mg) in dry 
dichloromethane (300mL). After stirring for 18 hours at room temperature, the mixture 
was washed with aqueous citric acid, then brine. The organic extracts were dried 
(MgSQ,), filtered and evaporated in vacuo to give an oil. This was purified by flash 
chromatography on silica, eluting with ethyl acetate/cyclohexane (20:80 to 80:20), to give 
the title compound as a solid. 

f) 1,1-Dimethylethyl (3i?)-3-[(methylsulfonyl)oxy]-piperidine-l-carboxylate 
Methanesulfonyl chloride (9.56mL, 124mmol) was added dropwise over 10 minutes 

to a stirred solution of 1,1 -dimethylethyl (3/?)-3-hydroxypiperidine- 1-carboxylate (20.7g, 
103mmol) and triethylamine (21.5mL, 154mmol) in dichloromethane (300mL) at 0°C. 
After stirring for 3 hour at 0°C, the reaction was quenched by addition of water. The 
organic phase was washed with brine, dried (MgSOJ, filtered and evaporated in vacuo to 
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give an oil. This was purified by flash chromatography on silica, eluting with ethyl 
acetate/cyclohexane (20:80 to 50:50), to give the title compound as an oil. 

g) 1,1 -Dimethylethyl (3S)-3-azidopiperidine- 1-carboxylate 

Sodium azide (7.65g, 118mmol) was added to a solution of 1,1 -dimethylethyl (3/?)-3- 
[(methylsulfonyl)oxy]-piperidine-l-carboxylate (21.9g, 78.5mmol) in dry 
dimethylformamide (120mL) and the resultant suspension heated at 70°C for 48 hours. 
After cooling to room temperature, the reaction mixture was diluted with water and 
extracted into ethyl acetate. The organic phase was washed two further times with water, 
then brine. The organic extracts were dried (MgSO^, filtered and evaporated in vacuo to 
give an oil. This was purified by flash chromatography on silica, eluting with ethyl 
acetate/cyclohexane (10:90 to 50:50), to give the title compound as an oil. 

h) 1,1 -Dimethylethyl (3S)-3-aminopiperidine-l-carboxylate 

A mixture of 1,1 -dimethylethyl (35)-3-azidopiperidine- 1-carboxylate (7.5g) and 10% 
palladium-on-carbon (0.75g) in methanol (lOOmL) was hydrogenated in a Parr apparatus 
at 70 p.s.i. for 16 hours. The catalyst was removed by filtration through Celite and the 
solvent evaporated in vacuo to give an oil. The resultant title compound was used in 
subsequent reactions without further purification. 

2-(Bromomethyl)-4-fluoro-14'-biphenyl 

a) Methyl 5-fluoro-2-{[(trifluoromethyl)sulfonyl]-oxy}benzoate 

5-Fluorosalicylic acid methyl ester (28.2g, 166mmol) was dissolved in dry 
dimethylformamide (165mL) and stirred as sodium hydride (60% in oil) (7.30g, 1.1 eq) was 
added portionwise over 30 mins at 0°C. The reaction mixture was stirred for a further 30 
mins at room temperature, then JV-phenyl Irifluoromethanesulfonimide (62.8g, 1.05eq) was 
added in portions over 30 mins, then left. to stir for 3 hours. The mixture was diluted with 
diethyl ether and washed successively with water, then brine. The organic layers were 
combined, dried (MgSO/*), filtered and the solvent removed in vacuo. The resulting oil was 
purified by flash chromatography on silica, eluting with ethyl acetate/cyclohexane (10:90 to 
40:60), to give the title compound as an oil. 
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b) Methyl 4-fluoro-[l,r-biphenyl]-2-carboxylate 

Palladium acetate (635mg, 0.05eq), tricyclohexyl-phosphine (952mg, 0.06eq), 
potassium fluoride (10.85g, 3.3eq) and phenyl boronic acid (7.6g, 1.1 eq) were taken up in dry 
THF (150mL) and the reaction mixture flushed with nitrogen for 5 mins. A solution of 
5 methyl 5-fluoro-2-{ [(trifluoromethyl)sulfonyl]oxy}benzoate (-1 7. 12g, 56.7 mmol) in THF 

(20mL) was added in one portion and the reaction mixture stirred at reflux under nitrogen for 
5 hours. The reaction mixture was cooled to room temperature, diluted with ethyl acetate, 
then washed with water, dried (MgS0 4 ), filtered and the solvent removed in vacuo. The 
resulting oil was purified by flash chromatography on silica, eluting with ethyl 
10 acetate/cyclohexane (3:97 to 10:90), to give the title compound as an oil. 

c) (4-Fluoro-[l,r-biphenyl]-2-yl)methanol 

A solution of methyl 4-fluoro-[l,l '-biphenyl]-2-carboxylate (3g, 13.1mmol) in THF 
(20mL) was added at 0°C to a suspension of lithium aluminium hydride pellets (lg, 26mmol) 

15 in THF (30mL). Upon addition the reaction mixture was heated at 60°C under nitrogen for 2 

h. The reaction was then cooled to 0°C and the excess lithium aluminium hydride destroyed 
by adding water, then IN sodium hydroxide (2mL). The mixture was extracted into diethyl 
ether and the organic phase was dried (MgS0 4 ), filtered and the solvent removed in vacuo. 
The resulting oil was purified by flash chromatography on silica, eluting with ethyl 

2 0 acetate/heptane (2:98 to 25 :75), to give the title compound as an oil. 

d) 2-(Bromomethyl)-4-fluoro-l,r-biphenyl 

Triphenylphosphine dibromide (35.5g, 2eq) was added in one portion to a solution of 
(4-fluoro-[l 3 r-biphenyl]-2-yl)methanol (8.5g, 42mmol) in chloroform (250mL). The reaction 
2 5 mixture was heated at 60°C and left to stir overnight. The solid was filtered off and the 

solvent removed in vacuo. The resulting oil was purified by flash chromatography on silica, 
eluting with ethyl acetate/cyclohexane (0:100 to 30:70), to give the title compound as an oil. 



30 



Example IF; (3iSVAr-f2-Methvlpropvn-iV-f r2-(trffluoromethvIV 
phenvllmethvUpiperidin-3-amine, fumarate 
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a) U-Dimethylethyl (3S)-3-({[2-(trifluoromethyl)^^^ 
carboxylate 

1,1-Dimethylethyl (3S)-3 -aminopiperidine- 1 -carboxylate (l.Og, 5mmol), 2- 
trifluoromethylbenzaldehyde (0.87g, 5mmol), 5% palladium on carbon (0.35g) and ethanol 
(40mL) were hydrogenated at 60psi for 2.5 h. using a Parr hydrogenator. The catalyst was 
filtered off and the filtrate evaporated in vacuo. The resultant oil was purified by flash 
chromatography on silica, eluting with ethyl acetate/cyclohexane (0:100 to 75:25), to give the 
title compound as an oil. 

b) U-Dimethylethyl (3S)-3-((2-methylpropyl){[2- . 
(trifluoromethyl)phenyl]methyl } amino)piperidine- 1 -carboxylate 

Sodium triacetoxyborohydride (0.23g, 1.08mmol) was added to a stirred solution of 
1,1-dimethylethyl (3S)-3-({ [2-(txmuoromethyl)phenyl]metliyl}airdno)piperidine-l- 
carboxylate (6.19g, 0.53mmol), isobutyraldehyde (0.12g, 1.6mmol)and 1,2- 
dichloroethane (5mL). After stirring under nitrogen at room temperature for 1 day, the 
reaction mixture was diluted with methanol (6mL) and absorbed onto a cationic ion 
exchange resin (Isolute ™ SCX-2). After washing the cartridge with methanol (25mL), 
the basic components were isolated by elution with 2N ammonia in methanol and the 
eluate evaporated to give an oil. 

c) (35)-AT-(2-Methylpropyl)-iV-{[2^(trifluoromethyl)-phen 
fumarate 

1,1-Dimethylethyl (3S)-3-((2-methylpropyl){[2- 
(trifluoromethyl)phenyl]methyl}amino)piperidine-l-carbo (0.139mg, 0.335mmol), 
trifluoroacetic acid (4mL) and dichloromethane (lOmL) were stirred at room temperature 
for 1 day. The solution was evaporated in vacuo to give an oil, which was redissolved in 
methanol and filtered through a cationic ion exchange resin (Isolute ™ SCX-2). The basic 
components were isolated by elution with 2N ammonia in methanol. The eluate was 
evaporated in vacuo and the resultant oil converted to the fumaric acid salt (crystallisation 
from ethanol/ether), to give the title compound as a white solid. ! H NMR (300MHz, 
CD 3 OD): 8 H 7.77-7.74 (d, H), 7.51-7.43 (m, 2H), 7.25-7.22 (t, 1H), 4.23 (s, 2H), 3.79- 
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3.66 (q, 2H), 3.21-3.08 (m, 4H), 2.83-2.61 (m, 3H), 2.28-2.10 (m, 2H), 1.90-1.82 (m, 
2H), 1.59-1.37 (m, 3H), 0.77-72 (t, 6H); MS: (M+H) = 315. 

The following Examples were similarly prepared as described above for Example IF, by 
reductive alkylation of 1,1-dimethylethyl (3iS)-3-({[2-(trifluoromethyl)- 
phenyl]memyl}ammo)piperidine-l-carboxylate with the appropriate aldehyde or ketone, 
and subsequent deprotection: 

Example 2F; G^-JV-(33-Dimethvlbutvn-iV-(r2-ftrifluoromethvn- 
phenvllmethvUpiperidin-3-amine.ZMartrate 

'HNMR (300MHz, CD 3 OD): 8 H 7.79-7.86 (d, 1H), 7.47-7.56 (m, 2H), 7.27-7.32 (t, 
2H), 4.30 (s, 2H), 3.73-3.84 (t, 2H), 3.16-3.28 (m, 2H), 2.71-2.89 (m, 3H), 2.47-2.52 (t, 
2H), 1.84-1.97 (m, 2H), 1.47-1.63 (m, 2H), 1.22-1.33 (m, 2H), 0.75 (s, 9H); MS: [M+H] 
= 343. 

Example 3 F; G^-TV-CvclohexvI-iY-irZ-ftrifluorometbynDhenvll-methvllpiDeridin-S- 
amine. D-tartrate 

'HNMR (300MHz, CD 3 OD): 8 H 7.88-7.91 (d, 1H), 7.51-7.58 (m, 2H), 7.29-7.34 (t, 
1H), 4.29 (s, 2H), 3.68-3.83 (q, 2H), 3.43-3.50 (m, 1H), 3.08-3.27 (m, 1H), 2.87-3.00 (m, 
2H), 2.39-2.45 (dd, 1H), 2.22-2.29 (dd, 1H), 2.22-2.16 (m, 2H), 1.76-1.90 (m, 2H), 1.58- 
1.62 (m, 1H), 1.27-1.41 (m, 2H), 1.08-1.22 (m, 2H), 0.97-1.03 (1H), 0.63-0.74 (m, 4H); 
MS: [M+H] = 341. 

Example 4F: (3^-iV-(r5-Flnoro-2-(triflnoromethvnphenvllmethvl>-iV-tetrahvdro- 
2i7-pvran-4-vlpiperidin-3-amine, Z,-tartrate 

a) 1,1-Dimethylethyl (35)-3-(tetrahyd^o-2iE^pyran-4-ylammo)piperidme-l-cart)oxyl^ 

l,l-Dimemylemyl-(3iS)-3-ammopiperidine-l-carboxylate (2g, llmmol), 4H- 
tetrahydropyran-4-one (l.lg, 1 lmmol) and dichloroethane (40mL) were stirred under 
nitrogen at room temperature for 15 min. Sodium triacetoxyborohydride (2.9g, 14mmol) 
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was added in 3 lots over 30 minutes and stirred overnight. The reaction was diluted with 
water (50mL) and made basic by addition of 2N NaOH solution. After stirring for lh, the 
mixture was extracted into dichloromethane, and the combined organic extracts washed 
with brine, dried (MgSOJ, filtered and evaporated in vacuo to give the title compound as 
an oil. 

b) (3S)-N- { [5-Fluoro-2-(trifluoromethyl)phenyl]methyl} -iV-tetrahydro-2f3r-pyran-4- 
ylpiperidin-3 -amine, Z-tartrate 

1 , 1 -Dimethylethyl (3S)-3 -(tetrahydro-2i/-pyran-4-ylamino)piperidine- 1 -carboxylate 
was reductively alkylated with 5-fluoro-2-(trifluoromethyl)benzaldehyde 5 then 
deprotected and crystallised as its L-tartrate salt as described above for Example 1 b) and 

c) , to give the title compound. 1 HNMR (300MHz, CD 3 OD): 8 H 7.74-7.75 (m, 2H), 7.05- 
6.98 (t, 1H), 4.50 (s, 2H), 3.99-3.85 (m, 4H), 3.43-2.58 (m, 8H), 2.02-1.42 (m, 8H); MS: 
[M+H] =361. 

The following Examples were similarly prepared as described above for Example 
4F, by reductive alkylation of 1,1 -dimethylethyl (35)-3-(tetrahycfro-2H-pyran-4-ylamino)- 
piperidine-1 -carboxylate with the appropriate benzaldehyde, and subsequent 
deprotection: 

Example 5F: (35VAr4(2-CMoro-5-flttorophen^ 

vlpiperidin-3-amine, /.-tartrate 

'HNMR (300MHz, CD 3 OD): 8 H 7.32-7.24 (m, 2H), 6.92-6.85 (t,lH), 4.30 (s, 2H), 
3.90-3.84 (m, 4H), 3.32-3.17 (m, 4H), 3.08-2.97 (m, 1H), 2.85-2.67 (m, 3H), 1.98-1.82 
(m, 2H), 1.73-1.82 (m,2H), 1.73-1.46 (m, 6H); MS: [M+H] = 327/329. 

Example 6F: reS^A^ria'-Biphenvll^-vlme^ 

vlpiperidin-3-amine, sesqui-Z-tartrate 

1 HNMR (300MHz, CD 3 OD): 8 H 7.51-7.48 (d, 1H), 7.35-7.17 (m, 7H), 7.08-7.05 (d, 
1H), 3.30 (s, 1.5H), 3.79-3.74 (dd, 2H), 3.69 (s, 2H), 3.25-3.10 (m, 9H), 3.20-3.09 (m, 
2H), 2.91-2.77 (m, 2H), 2.66-2.51 (m, 3H); MS: [M+H] = 351. 
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Example 7F; (3SViV-ra-CMorophenvnmethvll^^ 
ylpiperidin-3-amine, ZMartrate 

1 HNMR (300MHz, CD 3 OD): 8 H 7.52-7.49 (d, 1H), 7.26-7.8? (m, 3H), 4.30 (s, 2H), 
3.92-3.80 (m, 4H), 3.16-2.34 (m, 4H), 2.92-2.05 (m, 1H), 2.90-2.66 (m, 3H), 1.93-187 
(m, 2H), 1.68-1.39 (m, 6H); MS: [M+H] = 309/311. 

Example 8F: (3SVAT-Tetrahvdro-2#-pvra^ 

(trmuoromethvnphenyllmethvnpiperidm-3-amijie, ZMartrate 

1 HNMR (300MHz, CD 3 OD): 8 H 7.98-7.95 (d, 1H), 7.71-7.62 (q, 2H), 7.47-7.42 (t, 
1H), 4.44 (s, 2H), 4.14-3.98 (m, 4H), 3.43-3.29 (m, 4H), 3.11-2.82 (m, 4H), 2.06-2.03 (m; 
2H), 1.82-1.66 (m, 6H); MS: [M+H] = 343. 

Example 9F: (35VAT-C>clopentvI-^ 
3-amine, Z-tartrate 

a) 1,1-Dimethylethyl (3^-3-(cyclopen1ylamino)-piperidine-l-carboxylate 

1,1-Dimethylethyl (3iS)-3-aminopiperidine-l-carboxylate (2.1g, 10.5mmol), 
cyclopentanone (4.65mL, 52.5mmol) ? and 10% palladium on carbon (0.2g) in methanol 
(80mL) were hydrogenated at 60psi overnight in a Parr hydrogenator. The catalyst was 
filtered off and the filtrate evaporated in vacuo. The resultant oil was purified by flash 
chromatography on silica, eluting with ethyl acetate/cyclohexane (15:85 to 30:70), to give the 
title compound as an oil. 

b) l,l-Dimethylethyl(35)-3-(cyclopentyl{[2- 
(trifluoromethyl)phenyl]methyl } amino)piperidine-l-carboxylate 

1,1-Dimethylethyl (35)-3-(cyclopentylamino)-piperidine-l-carboxylate (155mg, 
0.577mmol), 2-(trifluoromethyl)benzyl bromide (0.105mL, 1.2eq) and anhydrous 
potassium carbonate (128mg, 1.6eq) in acetonitrile (3mL) were heated at refluxed under 
nitrogen for 2 days. The reaction mixture was cooled to room temperature, diluted with 
ethyl acetate and washed with water, then brine. The organic extracts were dried 
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(MgSO^, filtered and evaporated in vacuo. The resulting oil was purified by flash 
chromatography on silica eluting with ethyl acetate/cyclohexane (0:100 to 30:70), to give 
the title compound as an oil. 

c) (3iS)-iV-tyclopentyl-j^ L- 
tartrate 

1,1-Dimethylethyl (3S)-3-(cyclopentyl{ [2-(trifluoromethyl)phenyl]methyl} 
amino)piperidine-l-carboxylate (160mg, 0.38mmol), trifluoroacetic acid (0.5mL) and 
dichloromethane (2mL) were stirred at room temperature overnight. The solution was 
evaporated in vacuo to give an oil, which was redissolved in methanol and filtered 
through a cationic ion exchange resin (Isolute ™ SCX-2). The basic components were 
isolated by elution with 2N ammonia in methanol. The eluate was evaporated in vacuo 
and the resultant oil converted to the L-tartaric acid salt (freeze drying from 
acetonitrile/water 1:1), to give the title compound as a white solid. *H NMR (300MHz, 
CD 3 OD): S H 7.89-7.86 (d, 1H), 7.54-7.46 (m, 2H), 7.30-7.25 (t, 1H), 4.34 (s, 2H), 3.90- 
3.78 (q, 2H), 3.30-3.18 (m, 4H), 3.05-2.87 (m, 1H), 2.81-2.59 (m, 2H), 1.95-1.79 (m, 
2H), 1.68-1.30 (m, 9H); MS: [M+H] = 327. 

The following Examples were similarly prepared as described above for Example 9F, 
by reaction of 1 ,1-dimethylethyl (3i2)-3-(cyclopen1ylamino)piperidine-l-carboxylate with 
the appropriate benzyl bromide and subsequent deprotection: 

Example 10F; (3.£WV-(ri.l '-Biphenvll-2-vlmethvlViV^cloDentvl-piperidin-3-amine. 
Z -tartrate 

'H NMR (300MHz, CD 3 OD): 8,, 7.57-7.55 (d, 1H), 7.35-7.13 (m, 7H), 7.06-7.03 (d, 
1H), 4.30 (s, 2H), 3.58 (s, 2H), 3.12-2.98 (m, 3H), 2.82-2.73 (m, 1H), 2.65-2.42 (m, 2H), 
1.79-1.75(m, 1H), 1.69-1.65 (m, 1H), 1.53-1. 19(m, 10H); MS: [M+H] = 335. 
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Example llFr(35ViV-CvclopentW^^ 
3-amine, Z-tartrate 

X H NMR (300MHz, CD 3 OD) : 8 H 7.35-7.24 (m, 4H) , 7.18-7.15 (m, 

2H), 7.09-7.04 (m, 1H) , 6.92-6.85 (m, 1H) , 4.28 (s, 2H) , 3.55 

5 (m, 2H), 3.22-3.06 (m, 3H) , 2.82-2.77 (m, 1H) , 2.68-2.58 (m, 

2H), 1.88-1.68 (m, 2H) , 1.57-1.19 (m, 10H) ; MS: [M+H] = 353. 

Example 12 F: (3iSl-JV-(Tetrahvdrofuran-3-vlmethvn-iV-(r2- 
(trifluoromethvl>phenyllmethyIipiperidin-3-amine, L-tartrate 

10 a) 1,1-Dimethylethyl (3S)-3-[(tetrahydrofiir^^ 

carboxylate 

To 5% palladium on carbon (0.05g) under nitrogen was added a solution of 1,1- 
dimethylethyl-(35)-3-aminopiperidine-l-carboxylate (0.50g, 2.5mmol) and 
tetrahydrofuran-3-carboxaldehyde (50%7 W in water) (0.50g, 2.5mmol) in ethanol (20mL). 
15 The reaction mixture was hydrogenated overnight at 60psi in a Parr hydrogenator. The 



catalyst was removed by filtration through Celite and the solvent removed in vacuo to 
give 1,1-dimethylethyl (35)-3-[(tetrahydrofuran-3-ylmethyl)aimno]piperidm 
carboxylate as a colourless, slightly cloudy oil. 



20 



b) (3^-iV-(Tetrahydrofiiran-3-ylmethyl)-A^ 
3 -amine, Z-tartrate 



30 



25 



To a solution of 1,1-dimethylethyl (35)-3-[(tetrahydrofuran-3- 
ylmethyl)amino]piperidine-l -carboxylate (0.67g, 2.36 mmol) in 1^-dichloroethane (15 
mL) was added 2-(trifluoromefliyl)benzaldehyde (0.93mL, 7.07mmol). To this mixture 
was added a solution of sodium triacetoxyborohydride (1.50g, 7.07mmol) in 
dimethylformamide (3 mL) and left to stir under nitrogen, at room temperature, over the 
weekend. To the reaction mixture was added water (10 mL) and the solution stirred 
vigorously for several minutes. The chlorinated organic layer was absorbed directly onto 
a silica column and the product eluted with methanol/ethyl acetate (0:100 to 30:70). The 
resultant pale yellow oil was taken up in methanol and absorbed onto a cationic ion 
exchange resin (Isohite ™ SCX-2). After washing the cartridge with methanol (25mL), 
the basic components were isolated by elution with 2N ammonia in methanol and the 
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eluate evaporated to give 1,1-dimethylethyl (3S)-3-{(teti^ydroftu^n-3-ylmethyl) {[2- 
(trifluoromethyl)-phenyl]methyl}amino}pipe as a colourless oil. 

To a solution of this oil (0.82g, 1.85mmol) in dichloromethane (10 mL) was added 
trifluoroacetic acid (2.06mL, 27.8mmol). The reaction mixture was stirred overnight at 
5 room temperature, then the solvent removed in vacuo. The resulting oil was taken up in 

methanol and absorbed onto a cationic ion exchange resin (Isolute ™ SCX-2). After 
washing the cartridge with methanol (50mL), the basic components were isolated by 
elution with 2N ammonia in methanol. The eluate was evaporated in vacuo to give a 
colourless oil. The diastereomers were separated by hplc (Chiralpak AD-H column; 98% 

1 0 heptane, 2% ethanol and 0.2% diethylamine). The faster eluting isomer was taken up in 

methanol and to this was added a solution of Z-tartaric acid (0.046g, 0.3 1 mmol) in 
methanol Solvent was removed in vacuo and the resulting oil triturated with diethyl 
ether. Filtration of the resultant suspension gave the title compound as a white solid. 
1 HNMR (300MHz, CD 3 OD): 5 H 7.75 (1H, d), 7.58-7.50 (2H, m), 7.34-7.29 (1H, m), 

3*5 4.30 (3H, s), 3.83 (2H, s), 3.70-3.53 (3H, m), 3.42-3.31 (2H, m), 3.16 (1H, m), 2.90-2.67 

(3H, m), 2.54-2.34 (2H, m), 2.34-2.20 (1H, m), 1.95-1.84 (3H, m), 1.63-1.45 (3H, m); 
MS: [M+H] = 343. 

The following Examples were prepared from racemic 1,1-dimethylethyl 3- 
2 0 aminopiperidine-l-carboxylate, as described above in Example IF: 

Example 13F: iV-(r2-fMethvloxv^phenvl1methvn-iV-ir2> 
(trifluoromethvl)phenvllmethvI|piperidin-3-amine 

1 HNMR (300MHz, CDCy 5 H 8.04-7.95 (d, 1H), 7.57-7.54 (d, 1H), 7.48-7.44 (m, 
25 2H), 7.28-7.11 (m, 2H), 6.93-6.88 (t, 1H), 6.83-6.80 (d, 1H), 3.94-3.86 (d, 2H), 3.20-3.18 

(d, 1H), 2.94-2.90 (d, 1H), 2.68-2.55 (m, 2H), 2.49-2.40 (dt, 1H), 2.08-2.04 (d, 1H), 1.76- 
1.72 (d, 1H), 1.52-1.25 (m, 4H); MS: [M+H] = 379. 
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Example 14F: jV-Oyclohexvl-iV-(r2-ftrifluoromethvl>DhenvllmethvU-DiDeridin-3- 
amine 

'HNMR (300MHz, CDClj) 5 ri 8.01-7.93 (d, 1H), 7.59-7.56 (d, 1H), 7.51-7.46 (t, 
1H), 7.30-7.19 (m, 1H), 3.91 (s, 2H), 3.15-3.11 (d, 1H), 3.02-2.98 (d, 1H), 2.88-2.80 (d, 
5 1H), 2.55-2.41 (m, 3H), 1.93-1.01 (m, 14); MS: [M+H] = 341. 

Example 15F: A^-fPhenvlmethvl>-7V-{t2-(trifluoromethvl>Dhenvll-methvBpiDeridin-3- 
amine 

'HNMR (300MHz, CDCI3) 8 H 7.93-7.96 (d, 1H), 7.55-7.61 (d, 1H), 7.47-7.51 (t, 
10 1H), 7.18-7.35 (m, 6H), 3.77-3.90 (q, 2H), 3.64-3.74 (q, 2H), 3.17-3.20 (d, 1H), 2.91-2.95 

(d, 1H), 2.53-2.67 (m, 2H), 2.39-2.48 (dt, 1H), 1.97-2.06 (d, 1H), 1.22-1.82 (m,3H); MS: 
[M+H] = 349. 

Example 16F; (3S r >-JV-(2-Methvlproovn-A^-fr2-(triflnoromethvnphenvn-methvU-l- 
15 azabicyclo \2.2.2\ octan-3-amine, sesouifumarate 

1 

a) (3^-i\T-{[2-(Trifluorom 

Sodium triacetoxyborohydride (18.7g, 88.3mmol) was added portionwise over 20 
mm. to a stirred solution of (3iS)-l-azabicyclo[2.2.2]octan-3-amine dihydrochloride (5g, 

2 0 25.1mmol) and 2-trifluoromethylbenzaldehyde (4.81g, 27.6mmol) in DMF (lOOmL). 

After stirring under nitrogen for 4 days, the mixture was diluted with excess water, 
basified with 2N sodium hydroxide and stirred for lh. The product was extracted into 
dichloromethane and evaporated in vacuo to give an oil, which was dissolved in 2N 
hydrochloric acid. After washing with ether, the aqueous phase was basified with 2N 

2 5 sodium hydroxide and extracted with dichloromethane. The organic phase was dried 

(MgS0 4 ) and evaporated in vacuo to give an oil. 1 HNMR (300 MHz, CD 3 OD) 8 H : 7.62- 
7.69 (t, 2H), 7.50-7.55 (t, 1H), 7.32-7.37 (t, 1H), 3.83-3.96 (q, 2H), 3.1-3.19 (m, 1H), 
2.72-2.93 (m, 5H), 2.42-2.49 (m, 1H), 1.85-1.95 (m, 1H), 1.63-1.73 (m, 1H), 1.32-1.53); 
MS: [M+H]= 285. 

30 

b) (35)-iV-(2-Methylpropyl)-iV-{ [2-(tri£iuoromethyl)-phenyl]methyl}-l- 
azabicyclo[2.2.2]octan-3-amine, sesquifumarate 
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(35)-JV- { [2-(Trifluoromethyl)phenyl]methyl}- 1 -azabicyclo[2.2.2]octan-3-amine 
(0.30g, 1.06mmol), isobutyraldehyde (0.152g, 2.1mmol) and 1,2-dichloroethane (6mL) 
were stirred under nitrogen at room temperature for 15 min. Sodium 
triacetoxyborohydride (0.492g, 2.32mmol) was added in two lots over 5 min. TLC after 1 
day showed the reaction to be incomplete, so additional sodium triacetoxyborohydride 
(0.24g, LISmmol) was added and the mixture heated at 50°C for 5 days. After cooling to 
room temperature, methanol was added and the mixture was stirred for Ih. This solution 
was filtered through a cationic ion exchange resin (Isolute ™ SCX-2) and the basic 
fractions isolated by elution with 2N ammonia in methanol to give, after evaporation in 
vacuo, an oil. The crude product was purified using preparative LCMS to give the 
product as an acetate salt, which was converted to the free base using cationic ion 
exchange resin as described above. The free base was converted to the fumarate salt, to 
give the title compound as a white solid from ethanol/diethyl ether. 1 HNMR (300 MHz, 
CD 3 OD) 8 H : 7.88-7.91 (d, 1H), 7.51-7.58 (m, H), 7.30-7.35 (t, 1H), 6.60 (s, 3H), 3.71- 
3.85 (q, 2H), 3.42-4.50 (m, 1H), 2.88-3.26 (m, 6H), 2.25-2.39 (m, 1H), 2.09-2.23 (m, 
3H), 1.74-1.91 (m, 2H), 1.42-1.63 (m, 2H), 0.78-0.83 (t, 6H); MS: [M+H] = 341. 

The following Examples were similarly prepared as described above for Example 
16F, from (3S)-N-{[2-(trffluoromethyty 
and the appropriate substituted benzaldehyde: 

Example 17F: (3S)-N-(\1 J^Biphenvll^-vlmethyn-Ar-fl-methvlDroDvIVl- 
azabicvclof2.2.21octan-3-amine, 2>-tartrate 

'HNMR (300 MHz, CD 3 OD) S H : 7.50-7.47 (d, 1H), 7.38-7.18 (m, 7H), 7.09-7.06 
(dd, 1H), 4.29 (s, 2H), 3.58-3.54 (d, 1H), 3.43-3.39 (d,lH), 3.25-3.18 (m, IH), 3.09-3.90 
(4H), 2.68-2.63 (t,lH), 2.45-2.39 (dq, 1H), 2.16-1.98 (m, 3H), 1.83-1.74 (m, 2H), 1.65- 
1.61 (m, 1H), 1.45-1.42 (m, IH), 1.31-1.22 (quin, 1H) 5 0.65-0.61 (t, 6H); MS: [M+H] = 
349. 
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Examole 18F: (3iy>-iy-fr4-Fluoro-2-(trifluoromethvnphenvnmethvU-iV-(2- 
methylpropyl)-l-azabicvclor2.2.21 octan-3-amine. 1,-tartrate 

'HNMR (300 MHz, CD 3 OD) 5 H : 7.94-7.89 (t, 1H), 7.34-7.27 (m, 2H), 4.29 (s, 4.29), 
3.81-3.66 (q, 2H), 3.51-3.44 (t,lH), 3.40-2.89 (m, 6H), 2.37-2.04 (m, 4H), 1.93-1.38 (m, 
4H), 0.82-0.76 (dd, 6H); MS: [M+H] = 359. 

Example 19F: (3SViV-r(4-Fliiorori.l , -biphenvll-2-vnmethvll-jV-f2-methvIpropvn-l- 
azabicvcIof2.2.21octan-3-amine < L-tartrate 

'HNMR (300 MHz, CD 3 OD) 5 H : 7.40-7.08 (m, 7H). 6.68-6.91 (dt, 1H), 4.29 (s, 2H), 
3.56-4.0 (q, 2H), 3.31-2.96 (m, 5H), 2.72-2.67 (t, 1H), 2.58-2i52 (dq, 1H), 2.18-1.30 (m, 
8H), 0.70-0.68 (dd, 6H); MS: [M+H] = 367. 

The following examples illustrate compounds of of Formulae (IG) above and methods 
for their preparation. 



Described above in section entitled "Preparation of intermediates for the synthesis 
of Examples 1C-17C". 

(5)-Phenyl[(2S)-4-(phenylmethyl)morpholin-2-yl]methanol (2) 



Preparation of Intermediates 



(2S)-(4-Benzyl-morpholin-2-yl)-phenyl-methanone 
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Described above in section entitled "Preparation of intermediates for the synthesis 
of Examples 1C-17C". 

(2S)-24(i?)-bromo(phenyl)methyl]-4-(phenylmethy 



16.63 mmole) in chloroform (200 ml) is added the triphenylphosphine dibromide (14.04 
g, 33.26 mmole). The mixture is heated at 60°C overnight. The mixture is allowed to cool 
to room temperature then washed with saturated sodium carbonate solution (aqueous, 
-100 ml), dried (Na^O^ and concentrated in vacuo. The resulting residue is purified by 
automated flash chromatography (ISCO system: 120 g column, 10-30% EtOAc in 
isohexane) to give (25)-2-[(/?)-bromo(phenyl)methyl]-4-(phenylmethyl)morphohne (3) as 
a white solid (4.63 g, 80%)..LCMS 6 min gradient method, Rt = 2.5 min, (M+H 4 ) = 



S^(S)-phenyl[(2S)^-(phenylmethyl)morpholin-2-yI]methy ethanethioate (5) 



A solution of (2S)-2-[(/?)-bromo(phenyl)m^ (3) (1.76 

g, 5.08 mmole) and potassium thiolacetate (1.16 g, 10.16 mmole) in 1:1 anhydrous 
THF:DMF (30 ml), is stirred at 40 °C under nitrogen overnight. The mixture is then 
taken up in acetonitrile and loaded onto an SC10-2 column (4 x 10 g). The SC10-2 
columns are washed with further acetonitrile. The target compound is eluted with 4: 1 
acetonitrile : EtjN. This is concentrated in vacuo to give an orange oil which is purified 
by automated flash chromatography (ISCO system: 35 g Si0 2 Redisep column, 10-30% 
EtOAc in isohexane over 40 minutes) to give 5-{(5)-phenyl[(25)-4- 



J CHCI 3 N 

Ph ( 2 ) ph^ m 

To a solution of (S)-phenyl[(2S)-4-(phenylmeth^^ (2) (4.71 g, 





346/348 




Ph' 
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(phenylmetliyl)morpholiii-2-yl]methyl} ethanethioate (5) as an amber coloured crystalline 
solid (1.54 g, 89%). LCMS 6 min gradient method, Rt = 2.5 min, (M+EP) = 342 

(S)-phenyl[(2S)-4-(phenylmethyl)morphoIin-2-yl]methanethiol (6) 




The S-{(5)-phenyl[(25)^(phenylmethyl)morpholin-2-yl]methyl} ethanethioate (5) 
(11.02 g, 32.3 mmole) is taken up in methanol (100 ml, dry, degassed), under nitrogen. 
To this is added the sodium thiomethoxide (2.26 g, 32.3 mmole) in one portion (as solid). 
The reaction mixture is left to stir at room temperature for 2 hours. The solution is then 
added to an aqueous solution of HC1 (0.1 M). This is extracted with DCM (3 x). The 
extracts are dried (Na^O^) and concentrated in vacuo to give (5)-phenyl[(25)-4- 
(phenylmethyl)morpholin-2-yl]methanethiol (6) as a yellow solid (9.59 g, 99%). LCMS 6 
min gradient method, Rt = 2.7 min, (M+H 4 ) = 300 

Examples 

Example 1G: (2SV24(SVphenvir(3-phenvIpvri^ 
hemiftimarate 




i) To palladium acetate (0.026 g, 0.12 mmole) in acetonitrile (3 ml), is added 
triphenylphosphine (0.122 g, 0.46 mmole), under nitrogen, at room temperature. The 
mixture is left to stir for 15 minutes. To this mixture is added water (distilled, 1 ml), 
phenylboronic acid (0.846 g, 6.94 mmole), 3-bromo-2-fluoropyridine (1.02 g, 5.78 
mmole) and potassium carbonate (4.80 g, 34.70 mmole). The reaction mixture is heated 
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at 70 °C overnight After cooling to room temperature, the reaction mixture is loaded 
directly onto a 40 g Redisep Si0 2 column and components isolated by automated flash 
chromatography (ISCO System, 0-30% ethyl acetate in cyclohexane gradient elution 
over 40 minutes). This gave 2-fluoro-3-phenylpyridine as a very pale yellow oil (1.00 g, 
100 %). LCMS 6 min gradient method, Rt = 3.7 min, (M+HT) = 174. 

ii) To a solution of (5)-phenyl[(25)-4-(phenylmethyl)morphohn-2-yl]methanethiol (6) 
(1.50 g, 5.01 mmole) and 2-fluoro-3-phenylpyridine (2.44 g, 14.09 mmole) in dry, 
degassed DMF (10 ml) is added, under nitrogen, sodium hydride (60 % dispersion in oil, 
0.24 g, 6.01 mmole). The mixture is left to stir overnight at room temperature. The 
reaction mixture is loaded neat onto a 120 g SiO z Redisep column (preconditioned with 
cyclohexane). Automated flash chromatography (ISCO System, 0 - 30 % ethyl acetate in 
cyclohexane gradient elution over 40 minutes at 40 ml/minute flow rate) yielded an 
orange oil (2.26 g). Chromatography is repeated using chromatography (ISCO System, 
40 g column, 0 - 30 % ethyl acetate in cyclohexane gradient elution over 40 minutes at 
30 ml/minute flow rate) to give (2S)-2-{(S)-phenyl[(3^ 

(phenylmethyl)morpholine as a pale orange oil (1.65 g, 73 %). LCMS 6 min gradient 
method, Rt = 4.0 min, (M+H 4 ) = 453. 

iii) To a suspension of polymer supported diwopropylamine (3.78 mmol/g, 0.54 g, 2.03 
mmole) and (25)-2-{(5)-phenyl[(3-phenylpyridin-2-yl)thio]methyl}-4- 
(phenylmethyl)morpholine (0.184 g, 0.41 mmole) in dry DCM (5 ml) is added 1- 
chloroethyl chloroformate (0.22 ml, 2.03 mmole) at room temperature and under 
nitrogen. The mixture is heated at 40°C for 3.75 hours. The reaction mixture is filtered, 
concentrated in vacuo then taken up in methanol (5 ml). The solution is left to stir at 
room temperature overnight. After this time, the reaction mixture is loaded directly onto 
an SCI 0-2 column. The SCI 0-2 column is washed with methanol. The title compound is 
eluted with 2 N NH/methanol. This is concentrated in vacuo to give (25)-2-{(5> 
phenyl[(3-phenylpyridin-2-yl)thio]methyl}morpholine as white foam (0.148 g, 100 %). 
The foam is taken up in ethyl acetate. To this is added a solution of fumaric acid (1.1 
equiv, 0.052 g) in methanol. The resulting solution is filtered then concentrated in vacuo. 
To the resulting white solid is added methanol (1.5 ml). This is stirred for a couple of 
minutes, then the remaining solid collected by filtration to give the hemi-fumarate salt of 
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(25)-2-{(5)-phenyl[(3-phenylpyridin-2-yl)tMo]methyl}moipholine as a white solid (0.127 
g). LCMS 12 min gradient method, Rt = 5.5 min, (M+H 4 ) = 363 

Example 2G; f2S)-2-rf^- fr3-f4-fluornphenvnpvridin-2- 
vnthioirp henvnmethvnmorphoU nefumaratP 

Fumarate salt 

i) To bis(benzomtrile)paUadium(n)dichloride (0.054 g, 0.14 mmole) and 1,4- 
bis(diphenylphosphine)butane (0.091 g, 0.21 mmole) is added dry toluene (6 ml), under 
nitrogen, and the mixture stirred for half an hour. To this is added 3-bromo-2- 
fluoropyridine (0.50 g, 2.83 mmole) in ethanol (1.4 ml) followed by a solution of 4- 
fluorophenylboronic acid (0.793 g, 5.67 mmole) in ethanol (2.4 ml). To this is added an 
aqueous solution of sodium carbonate (1 M, 2.83 ml, 2.83 mmole). The mixture is heated 
at 60°C for 24 hours, then at 75°C for a further 16 hours. The organic layer is loaded 
directly onto a 40 g Redisep Si0 2 column and components isolated by automated flash 
chromatography (ISCO System, 0 - 30 % ethyl acetate in cyclohexane gradient elution 
over 40 minutes). This gave 3-(4-fluorophenyl)-2-fluoropyridme as a white solid (0.387 
g, 71 %). LCMS 6 min gradient method, Rt = 3.6 min, (M+IT) = 192 

ii) To a solution of (^-phenyl[(25)-4-(phenylmemyl)morpholm-2-yl]memanethiol (6) 
(0.505 g, 1.69 mmole) and 3-(4-fluorophenyl)-2-fluoropyridine (0.387 g, 2.02mmole) in 
dry, degassed DMF (3 ml) is added, under nitrogen, cesium fluoride (0.385 g, 2.54 
mmole). The mixture is heated at 65°C over the weekend. After this time, the reaction 
mixture is allowed to cool and loaded directly onto an SC10-2 column. The SC10-2 
column is washed with methanol. The (25)-2-[(5)-{ [3-(4-fluorophenyl)pyridin-2- 
yl]tWo}(phenyl)memyl]-4-(phenylmemyl)morpholine is eluted with 2 N NH/methanol. 
This is concentrated in vacuo to give an orange solid (0.649 g). This is purified by 
automated flash chromatography (ISCO System, 40 g SiO a Redisep column, 0 - 30 % 
ethyl acetate in cyclohexane gradient elution over 40 minutes at 30 ml/minute flow rate) 
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to give (2^-2-[(S)-{[3-(4-fluorophen^ 

(phenylmethyl)morpholine as a off-white foam (0.395 g, 50 %). LCMS 6 min gradient 
method, Rt = 3.3 min, (M+lT) = 471. 

iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example 1G, using polymer supported di/^propylamine (3.78 mmole/g, 
1.09 g, 4.14 mmole), (2S)-2-[(S)-{[3-(4-fluorop^ 

4-(phenylmethyl)morpholine (0.390 g, 0.83 mmole), dry DCM (20 ml), 1-chloroethyl 
chloroformate (0.45 ml, 4.14 mmole) and methanol (20 ml). This gave (2S)-2- [(£)-{ [3-(4- 
fluorophenyl)pyridin-2-yl]tta^ as a pale yellow oil (0.232 g, 

74 %). This oil is taken up in ethyl acetate. To this is added a solution of fumaric acid 
(1.1 equiv, 0.071 g) in methanol. The resulting solid is collected by filtration to give a 
white solid (0.1 15 g). This is recrystallised from MeOH/CHCl/Etp to give a white solid 
(0.061 g). LCMS 12 min gradient method, Rt = 5.4 min, (M+H*) = 381 



Example 3G: (2SV24(SWr3-(3-chlorophenvnpvridin-2> 
vnthioKphenvnmethvnmorpholine fumarate 




Fumarate salt 



i) To bis(benzonitrile)palladium(II)dichloride (0.054 g, 0.14 mmole) and 1,4- 
bis(diphenylphosphine)butane (0.091 g, 0.21 mmole) is added dry toluene (6 ml), under 
nitrogen, and the mixture stirred for half an hour. To this is added 3-bromo-2- 
fluoropyridine (0.50 g, 2.83 mmole) in ethanol (1.4 ml) followed by a solution of 3- 
chlorophenylboronic acid (0.887 g, 5.67 mmole) in ethanol (2.4 ml). To this is added an 
aqueous solution of sodium carbonate (1 M, 2.83 ml, 2.83 mmole). The mixture is heated 
at 60°C for 24 hours, then at 75°C for a further 16 hours. The organic layer is loaded 
directly onto a 40 g Redisep SiO z column and components isolated by automated flash 
chromatography (TSCO System, 0-30% ethyl acetate in cyclohexane gradient elution 
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over 40 minutes). This gave 3-(3-chlorophenyl)-2-fluoropyridine as an off-white solid 
(0.333 g, 57 %). LCMS 6 min gradient method, Rt = 4.0 min, (M+H*) = 208. 

ii) To a solution of (>S0i-phenyl[(2S)^(phe (6) 

5 (0.400 g, 1.34 mmole) and 3-(3-chlorophenyl>2-fluoropyridine (0.333 g, 1.60 mmole) in 

dry, degassed DMF (3 ml) is added, under nitrogen, cesium fluoride (0.305 g, 2.00 
mmole). The mixture is heated at 65°C over the weekend. After this time, the reaction 
mixture allowed to cool. The resulting solid is taken up in MeOH/DCM and loaded 
directly onto an SC10-2 column. The SC 10-2 column is washed with methanol. The (25)- 

1 0 2~[(SM [3-(3-chlorophenyl)pyridin-2-yl]thio } (phenyl)methyl]-4- 

(phenylmethyl)morpholine is eluted with 2 N NH/methanol. This is concentrated in 
vacuo to give a white foam (0.555 g). This is piurified by automated flash chromatography 
(ISCO System, 0 - 30 % ethyl acetate in cyclohexane gradient elution over 40 minutes at 
40 ml/minute flow rate) to yield (2S>2-[(S)-{ [3-(3-chlorophenyl)pyridin-2- 

15 yl]thio}(phenyl)methyl]-4-(phenylmethyl)morpholine as a white foam (0.258 g, 40 %). 

LCMS 6 min gradient method, Rt = 4.2 min, (M+H*) = 487. 

iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example 1G, using polymer supported diwopropylamine (3.72 mmole/g, 

2 0 0.70 g, 1.80 mmole), (25)-2-[(5)-{ [3-(3-cMorophenyl)pyridin-2-yl]thio}(phenyl)methyl]- 

4-(phenylmethyl)morpholine (0.255 g, 0.52 mmole), dry DCM (15 ml), 1-chloroethyl 
chloroformate (0.29 ml, 2.62 mmole) and methanol (15 ml). This gave a colourless 
residue (0.21 1 g). This residue is taken up in ethyl acetate. To this is added a solution of 
fumaric acid (1.1 equiv, 0.062 g) in methanol. If the resulting solid contains impurities it 

2 5 may be recombined with the mother liquor and purified on a UV Guided PrepHPLC 

(Flex) System and treated with SC10-2 to give (25)-2-[(5)-{ [3-(3-chlorophenyl)pyridin-2- 
yl]thio}(phenyl)methyl]morpholine as a pale yellow oil (0.127 g, 65 %). This oil is taken 
up in MeOH/DCM. To this is added a solution of fumaric acid (1.1 equiv, 0.0145 g) in 
methanol, followed by Et^O. The resulting crystals are collected by filtration to give the 

3 0 fiimarate salt of (25)-2-[(5)- { [3-(3-chlorophenyl)pyridin-2- 

yl]thio}(phenyl)methyl]morpholine (1:1 fumarate salt) as a white solid (0.047 g). LCMS 
12 min gradient method, Rt = 5.7 min, (M+H*) = 397 
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Example 4G: (25)-2-nr3-f2-chlorop he nvnpvridin-2- 
yllthioKDhenvDmethvllmorDhol ine fymarate 




Fumarate salt 



i) To palladium acetate (0.0025 g, 0.0011 mmole) in acetonitrile (3 ml), is added 
triphenylphosphine (0.0119 g, 0.045 mmole), under nitrogen, at room temperature. The 
mixture is left to stir for 15 minutes. To this mixture is added water (distilled, 1 ml), 2- 
chlorophenylboronic acid (0.106 g, 0.68 mmole), 3-bromo-2-fluoropyridine (0.10 g, 0.57 
mmole) and potassium carbonate (0.470 g, 3.40 mmole). The reaction mixture is heated 
to 60°C increasing to 75 °C over 5 hours then allowed to cool to room temperature. To the 
reaction mixture is added MeOH and this is loaded onto an SC10-2 column (10 g) 
preconditioned with MeOH. The column is washed with MeOH and the resulting solution 
concentrated in vacuo to give an orange oil (0.196 g). The oil is purified by automated 
flash chromatography (ISCO System, a 10 g Redisep Si0 2 column, 0 - 30 % ethyl acetate 
in cyclohexane gradient elution over 40 minutes). This gave 2-fluoro-3-(2- 
chlorophenyl)pyridine as a colourless oil (0.050 g, 42 %). LCMS 6 min gradient method, 
Rt = 3.3 min, (M+H+) = 208 

ii) To a solution of (S)-phenyl[(2S)-4-(phenylm^ (6) 
(0.288g, 0.96 mmole) and 3-(2-chlorophenyl)-2-fluoropyridine (0.40 g, 1.93 mmole) in 
dry, degassed DMF (2 ml) is added, under nitrogen, sodium hydride (60% dispersion in 
oil, 0.0.046 g, 1.15 mmole). The mixture is left to stir at room temperature over the 
weekend. The reaction mixture is loaded directly onto an a 40 g Redisep Si0 2 column. 
Components are eluted using automated flash chromatography (ISCO System, 0 - 30 % 
ethyl acetate in cyclohexane gradient elution over 30 minutes at 40 ml/minute flow rate) 
to give (2^-2-[{[3-(2-cMorophenyl)pyri^ 

(phenylmethyl)morpholine as a white solid (0.021 g, 5 %). LCMS 6 min gradient 
method, Rt = 4.3 min, (M+HT) = 487. 
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iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example 1G, using polymer supported diw^propylamine (3.78 mmole/g, 
0.057 g, 0.216 mmole), (2,S0-2-[{[3K2-cmorophenyl)pyridin-2-yl]thio} (phenyl)methyl]- 
4-(phenylmethyl)morpholine (0.021 g, 0.043 mmole), dry DCM (2 ml), 1-chloroethyl 
chloroformate (0.024 ml, 0.216 mmole) and methanol (2 ml). This gave a colourless 
residue (0.017 g, 100 %). This residue is taken up in ethyl acetate. To this is added a 
solution of fumaric acid (1 equiv, 0.005 g) in methanol. This is reduced in volume and 
EtjO added. The resulting solid is collected by filtration to give the fumarate salt of (25)- 
2-[{[3-(2-cUorophenyl)pyridin-2-yl]tMo}(phenyl)methyl]morpholm (1:1 fumarate salt) 
as a pale green solid (0.012 g). LCMS 12 min gradient method, Rt = 5.4 min, (M+H*) = 
397 . 

Example 5G: (2S)-2-((S)-DhenvUr3>ftrMttoromethvl)pvridin-2- 
yllthiolmethvDmorpholine 



i) Potassium fluoride (0.048 g, 0.84 mmole) and copper (I) iodide (0.159 g, 0.84 mmole) 
are thoroughly mixed and dried under reduced pressure with a hot air gun for 20 minutes. 
To the resulting yellow solid, at room temperature is added (25)-2-[(»S)-[(3-iodopyridin-2- 
yl)tMo](phenyl)methyl]-4-(phenylmethyl)morpholine (as prepared in Example 15) (0.190 
g, 0.38 mmole) in anhydrous NMP (0.5 ml) followed by anhydrous DMF (0.5 ml) then 
(trifluoromethyl)trimethylsilane (0. 1 1 ml, 0.76 mmole). After 3 days at room 
temperature, the temperature is increased to 50 °C. The reaction mixture is heated at 50 °C 
overnight. After cooling to room temperature, further (trifluoromethyl)trimethylsilane 
(0.11 ml, 0.76 mmole) is added to the reaction mixture and the mixture is left to stir 
overnight at room temperature. To the reaction mixture is added MeOH before loading 
onto an SC10-2 column (10 g) preconditioned with MeOH. The column is washed with 
MeOH. Basic material is eluted with 2 N NH/methanol. This is concentrated in vacuo to 
give a pale yellow solid (0.199 g). This is purified by automated flash chromatography 
(ISCO System, 3 x 4 g Redisep Si0 2 columns, in parallel, 0 - 20 % ethyl acetate in 
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cyclohexane gradient elution over 40 minutes) to give the (25)-2-[(5)-[(3-iodopyridin-2- 
yl)ttao](phenyl)methyl]^(phenylm as a white foam (0.108 g, 57 % 

recovery of this starting material) and (25)-2-((»S)-phenyl{[3-(1xifluoromethyl)pyridin-2- 
yl]thid}methyl)-4-(phenylmethyl)morpholine as a colourless oil (0.033 g, 20 %). LCMS 
6 min gradient method, Rt = 4.2 min, (M+H*) = 445 

ii) To a suspension of polymer supported diwopropylamine (3.72 mmol/g, 0.097 g, 0.36 
mmole) and (2S)-2-((S)-phenyl{ [3-(trifluoromethyl)pyridin-2-yllthio}methyl)-4- 
(phenylmethyl)morpholine (0.0.032 g, 0.07 mmole) in dry DCM (0.5 ml) is added 1- 
chloroethyl chloroformate (0.039 ml, 0.36 mmole) at room temperature and under 
nitrogen. The mixture is heated at 40 °C for 2 hours. The reaction mixture is filtered and 
concentrated in vacuo then taken up in methanol (0.5 ml). The solution left to stir at room 
temperature overnight. After this time, the reaction mixture is loaded directly onto an 
SC10-2 column. The SC10-2 column is washed with methanol. The target compound is 
eluted with 2 N NH^methanol. This is concentrated in vacuo to give a pale yellow oil 
(0.024 g). The pale yellow oil is purified using an automated PrepLCMS system, then 
liberated as the free base by treatment with SC10-2 and concentrated under vacuum to 
give (2S)-2-((S)-phenyl{[3-(trifl as a 

white solid (0.005 g, 20 %). LCMS 12 min gradient method, Rt = 4.9 min, (M+H*) =354 



Example 6G: (25)-2-((S)-phenvlir3-(phenvlmethvnpinridin-2 
vllthiolmethvDmorpholine fumarate 




Fumarate salt 



i) To a 100 ml round-bottomed flask, under nitrogen, containing dry THF (25 ml) is 
added n-butyllithium (1.6 M solution in hexanes, 3.99 ml, 6.39 mmole) at 0°C followed 
by lithium diwopropylamide (2 M solution in THF/n-heptane, 3.19 ml, 6.39 mmole). The 
reaction mixture is left to stir for 1 hour at 0°C. The mixture is cooled to -70°C then 2- 
fluoropyridine added. The solution is stirred at -70°C for 4 hours. To the solution is 
added benzaldehyde (0.71 ml, 6.97 mmole). This is then left to stir for 1 hour at -70°C, 
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after which time water (100 ml) is added. On warming to room temperature the solution 
is extracted with chloroform (2 x 100 ml). The combined extracts are dried (Na^O,) and 
concentrated in vacuo to yield a yellow oil (1.58 g). Purification by automated flash 
chromatography (ISCO System, Redisep 10 g Si0 2 column, 0 - 30 % ethyl acetate in 
5 cyclohexane gradient elution over 30 minutes at 20 ml/min flow rate) gave 2-fluoro-3- 

(phenyl-l-hydroxymethyl)pyridine as a yellow oil (0.71 g, 59 %). FIA (M+HF) = 204 

ii) To 5 % Pd/C (0.07 g), under nitrogen, is added a solution of 2-fluoro-3-(l-hydroxy-l- 
phenylmethyl)pyridine (0.71 g, 3.5 mmole) in ethanol (50 ml). This is then put on a Parr 

10 Hydrogenator at 60 psi and left over the weekend. The reaction mixture is filtered 

through Celite®. Removal of solvent from the resulting solution gave a pale yellow oil. 
This is purified by automated flash chromatography (ISCO System, 10 g Si0 2 Redisep 
column, 0 - 30 % ethyl acetate in cyclohexane gradient elution over 40 minutes at 20 
ml/minute flow rate) to give 2-fluoro-3-(phenylmethyl)pyridine as a colourless oil (0.18 

15 g, 27 %). 

iii) To a solution of (5)-phenyl[(25)^-(phenylmethyl)moipholin-2-yl]methanetM (6) 
(0.27 g, 0.91 mmole) and 2-fluoro-3-(l -hydroxy- l-phenylmethyl)pyridine (0.17 g, 0.91 
mmole) in dry, degassed DMF (1.5 ml) is added, under nitrogen, sodium hydride (60 % 

2 0 dispersion in oil, 0.07 g, 1.82 mmole). The mixture is left to stir overnight at room 

temperature. A further portion of sodium hydride (605 dispersion in oil, 0.07 g, 1.82 
mmole) and DMF (1 ml) is added. After 5 hours at room temperature, the reaction 
mixture is taken up in MeOH and loaded onto an SC10-2 column. The SC10-2 column is 
washed with methanol. The (25)-2-((5)-phenyl{[3-(phenylmetliyl)pyridin-2- 

2 5 yl]thio }methyl)-4-(phenylmethyl)morpholine is eluted with 2 N NH/methanol. This is 

concentrated in vacuo to give a yellow residue (0.36 g). The residue is purified by 
automated flash chromatography (ISCO System, 35 g Si0 2 Redisep column, 0 - 30 % 
ethyl acetate in cyclohexane gradient elution over 40 minutes at 40 ml/minute flow rate) 
which yields (2S)-2-((S)-phenyl{[3-(phe 

3 0 (phenylmethyl)morpholine as a pale yellow oil (0.10 g, 24 %). LCMS 6 min gradient 

method, Rt = 3.8min, (M+EP) = 467 
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iv) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example 1G, using polymer supported diisopropylamine (3.78 mmole/g, 
0.28 g, 1.07 mmole), of (25>2-((5)-phenyl{[3-(phenylmemyl)pyrid^-2-yl]thio}methyl)- 
4-(phenylmethyl)morpholine (0.092 g, 0.20 mmole), dry DCM (5 ml), 1-chloroethyl 
chloroformate (0.12 ml, 1.07 mmole) and methanol (5 ml). This gives (25)-2-((5>- 
phenyl{[3-(phenylmemyl)pyridm-2-yl]tMo}memyl)morpholine as a colourless residue 
(0.076 g, 94 %). This oil is taken up in ethyl acetate. To this is added a solution of 
fumaric acid (1.1 equiv, 0.026 g) in methanol. The resulting solution is concentrated in 
vacuo and the resulting oil triturated with ethyl acetate. The solid is collected by filtration 
to give the fumarate salt of (25)-2-((5)-phenyl{ [3-(phenylmethyl)pyridin-2- 
yl]thio}methyl)morpholine (1:1 fumarate salt) as a white solid (0.070 g). LCMS 12 min 
gradient method, Rt = 5.6 min, (M+If) = 377 

Example 7G:(2^-2-f(S^-p henvUr3-(Dhenvloxv)pvridin-2-vnthiolmethvlWorDholine 



fumarate 




Fumarate salt 



i) To a 100 ml round bottomed flask is added 2-chloro-3-pyridinol (0.50 g, 3.86 mmole), 
copper (H) acetate (0.70 g, 3.86 mmole), phenylboronic acid (0.94 g, 7.72 mmole) and 
powdered 4A molecular sieves. To the mixture is added DCM (39 ml) followed by 
triemylarnine (2.69 ml, 19.30 mmole). This is stirred overnight, under nitrogen, at room 
temperature. The reaction mixture is poured into water (75 ml) and extracted with ethyl 
acetate (3 x 75 ml). The combined extracts are concentrated in vacuo to give a brown oil 
(0.65 g). Purification by automated flash chromatography (ESCO System, Redisep 35 g 
Si0 2 column, 0 - 20 % ethyl acetate in cyclohexane gradient elution over 40 minutes) 
gives 2-chloro-3-phenoxypyridine as a colourless oil (0.32 g, 41%). LCMS 6 min 
gradient method, Rt = 3.6min, (M+KT) = 206 

ii) To a solution of (^-phenyl[(25)-4-(phenylmemyl)morpholm-2-yl]methanetW (6) 
(0.352 g, 1.18 mmole) and 2-chloro-3-phenoxypyridine (0.29 g, 1.41 mmole) in dry, 
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degassed DMF (3 ml) is added, under nitrogen, cesium fluoride (0.179 g, 1.18 mmole). 
The mixture is left to stir for two days at 55°C. A further portion of cesium fluoride 
(0.063 g, 0.41 mmole) is added and the solution heated for 5 hours at 55°C. The reaction 
mixture is allowed to cool then loaded neat onto a 35 g Si0 2 Redisep column 
5 (preconditioned with cyclohexane). Automated flash chromatography (ISCO System, 0 - 

40 % ethyl acetate in cyclohexane gradient elution over 40 minutes at 30 ml/minute flow 
rate) yields a yellow oil (2.26 g). This is taken up in MeOH and loaded onto an SC10-2 
column. The SC10-2 column is washed with methanol. The title compound is eluted with 
2 N NH/methanol. This is concentrated in vacuo to give (2S)-2-{(S)-phenyl[(3- 
1 0 phenyloxypyridin-2-yl)thio]methyl } -4-(phenylmethyl)morpholine as a pale orange oil 

(0.092 g, 17 %). LCMS 6 min gradient method, Rt = 3.6 min, (M+IT) = 469 

iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example 1G, using polymer supported diwopropylamine (3.78 mmole/g, 

15 0.26 g, 0.98 mmole), (2S)-2-{(S>phenyl[(3-phenyloxypyri 

(phenylmethyl)morpholine (0.092 g, 0.20 mmole), dry DCM (5 ml), 1-chloroethyl 
chloroformate (0.11 ml, 0.98 mmole) and methanol (5 ml). This gave (2S>2-((5> 
phenyl{[3-(phenyloxy)pyridin-2-yl]thio}methyl)morpholine as a pale yellow oil (0.070 g, 
95 %). This oil is taken up in ethyl acetate. To this is added a solution of fumaric acid 

20 (1.1 equiv, 0.024 g) in methanol. The resulting solution is concentrated in vacuo and the 

resulting oil triturated with ethyl acetate. The solid is collected by filtration to give the 
fumarate salt of (23)-2-((S)-phenyl{[3-(phe 

(1:1 fumarate salt) as an off-white solid (0.094 g). LCMS 12 min gradient method, Rt = 
5.5 min, (M+H 4 ) = 379 

25 

Example 8G: (2S)-24(S)4(3-chloropvrid^ 



fumarate 




Fumarate salt 
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i) To a solution of (S)-phenyl[(2S)-4-(phenylme^ (6) 
(0.446 g, 1.49 mmole) and 2,3-dichloropyridine (0.246 g, 1.67 mmole) in dry, degassed 
DMF (3 ml) is added, under nitrogen, sodium hydride (60 % dispersion in oil, 0.061g, 
1.53 mmole). The mixture is left to stir overnight at room temperature. The reaction 

5 mixture is taken up in MeOH and loaded onto an SC10-2 column. The SC10-2 column is 

washed with methanol. The (25)-2-[(5)-[(3-cWoropyridin-2-yl)tMo](phenyl)methyl] 
(phenylmethyl)morpholine is eluted with 2 N NH/methanol. This is concentrated in 
vacuo to give (25)-2-[(^-[(3-cMoropyridin-2-yl)tMo](phenyl)methyll-4^ 
(phenylmethyl)morpholine as a pale yellow oil (0.61 g). LCMS 6 min gradient method, 
10 Rt = 3.5 min, (M+H 4 ) = 41 1 

ii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example 1G, using polymer supported diwopropylamine (3.78 mmole/g, 
0.39g, 1.46 mmole), (2S)-2-[0S)-[(3-cMoropyri^ 

15 (phenylmethyl)morpholine (0.120 g, 0.292 mmole), dry DCM (15 ml), 1-chloroethyl 

chloroformate (0.16 ml, 1.46 mmole) and methanol (15 ml). This gives (25)-2-[(5)-[(3- 
cMoropyridin-2-yl)thio](phenyl)methyl]morpholm^ as a pale yellow oil (0.092 g, 98 %). 
This oil is taken up in ethyl acetate. To this is added a solution of fumaric acid (1 equiv, 
0.033 g) in methanol. The resulting solution is concentrated in vacuo to give an oil which 

20 is crystallised from IPA. The solid is collected by filtration to give the fumarate salt of 

(2^-2-[(5)-[(3-cUoropyridin-2-yl)tWo](phenyl)methyl]morphol^ (1:1 fumarate salt) as 
a white solid (0.1 1 1 g). LCMS 12 min gradient method, Rt = 4.8 min, (M+H 4 ) = 321 

Example 9G: (2S)-2-r(SU(3-methvlpy^^ 
25 fumarate 




i) To a degassed solution of 5-{(S)-phenyl[(25)-4^(phenylmethyl)moipholin-2-yl]methyl} 
ethanethioate (5) (0.100 g, 0.293 mmole) and 2-fluoro-3-methylpyridine (0.325 g, 2.93 
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mmole) in DMF (1 ml) is added sodium methoxide (0.016 g, 0.293 mmole). The reaction 
mixture is left to stir at room temperature, under nitrogen, overnight The reaction 
mixture is diluted with methanol and loaded onto an SC10-2 (5 g) column preconditioned 
with MeOH. The column is washed with MeOH then basic material is eluted with 2 N 
NH/methanol. This ammonia solution is concentrated in vacuo to give an orange oil 
(0.067 g) which is purified by automated flash chromatography (ISCO System, Redisep 
Si0 2 column, 0 - 20 % ethyl acetate in cyclohexane gradient elution over 40 minutes) to 
give (2S)-2-[(S)-[(3-methylpy^ " 
(phenylmethyl)moipholine as a colourless oil (0.055 g, 44%). LCMS 6 min gradient 
method, Rt = 2.9 min, (M+H 4 ) = 391 

ii) To a suspension of polymer supported diwopropylamine (3.78 mmol/g, 0.167 g, 0.64 
mmole) and <25)-2-[(5)-[(3-methy^^ 

(phenylmethyl)morpholine (0.050 g, 0.13 mmole) in dry DCM (5 ml) is added 1- 
chloroethyl chloroformate (0.070 ml, 0.64 mmole) at room temperature and under 
nitrogen. The mixture is heated at 40°C for 1.5 hours. The reaction mixture is filtered and 
concentrated in vacuo then taken up in methanol (5 ml). The solution is left to stir at 
room temperature for 2.5 hours. After this time, the reaction mixture is loaded directly 
onto an SC 10-2 column. The SC10-2 column is washed with methanol. The free base of 
the title compound is eluted with 2 N NH/methanol. This ammonia solution is 
concentrated in vacuo to give (25)-2-[(5)-[(3-methylpyridin-2- 

yl)thio](phenyl)methyl]morpholine as an orange oil (0.037. g, 97 %). This oil is taken up 
in methanol. To this is added a solution of fumaric acid (1 equiv, 0.014 g) in methanol. 
This is stirred for a couple of minutes, then EtOAc followed by isohexane added. The 
resulting precipitate is collected by filtration to yield a white solid (0.048 g). This is 
recrystallised from ethyl acetate and isohexane to give the fumarate salt of (ZS)-2-[(iS)- 
[(3-methylpyridin-2-yl)tWo](phenyl)methyl]moipholine (1:1 fumarate salt) as a white 
solid (0.013 g) LCMS 12 min gradient method, Rt = 4.5 min, (M+H*) = 301 

Example IPG: (2SV2-IYSW r3-f4-cMorophenviy YHdin-2- 
ynthioKphenvDmethvHmoipholine fumarate 
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Ph' 




Ph 



Ph' 



Fumarate salt 



i) To bis(benzonitrUe)paUadium(]I)dichloride (0.054 g, 0.14 mmole) and 1,4- 
bis(diphenylphosphine)butane (0.091 g, 0.21 mmole) is added dry toluene (6 ml), under 
nitrogen, and the mixture stirred for half an hour. To this is added 3-bromo-2- 
fluoropyridine (0.50 g, 2.83 mmole) in ethanol (1.4 ml) followed by a solution of 4- 
chlorophenylboronic acid (0.887 g, 5.67 mmole) in ethanol (2.4 ml). To this is added an 
aqueous solution of sodium carbonate (1 M, 2.83 ml, 2.83 mmole). The mixture is heated 
at 60°C for 24 hours, then at 75°C for a further 16 hours. The organic layer is loaded 
directly onto a 40 g Redisep Si0 2 column and components isolated by automated flash 
chromatography (ISCO System, 0 - 30 % ethyl acetate in cyclohexane gradient elution 
over 40 minutes). This gave 3-(4-chlorophenyl)-2-fluoropyridine as a white solid (0.323 
g, 55 %). LCMS 6 min gradient method, Rt = 4.0 min, (M+fT) = 208 

ii) To a solution of (S)-phenyl[(2S)-4-(phenylme^ (6) 
(0.388 g, 1.30 mmole) and 3-(4-chlorophenyl)-2-fluoropyridine (0.323 g, 1.56 mmole) in 
dry, degassed DMF (3 ml) is added, under nitrogen, cesium fluoride (0.295 g, 1.94 
mmole). The mixture is heated at 65°C over the weekend. After this time, the reaction 
mixture is allowed to cool. The resulting solid is taken up in MeOH/DCM and loaded 
directly onto an SC10-2 column. The SC10-2 column is washed with methanol followed 
by 2 N NH/methanol. The ammonia solution is concentrated in vacuo to give (2S)-2-[(S)- 
{ [3-(4-chlorophenyl)pyri^ as 
an orange foam (0.514 g). This is purified by automated flash chromatography (ISCO 
System, 0 - 30 % ethyl acetate in cyclohexane gradient elution over 40 minutes at 40 
ml/minute flow rate) to give (25)-2-[(S)-{[3-(4-chlorophenyl)pyridin-2- 
yl]thio}(phenyl)methyl]-4-(phenylmethyl)morpholine as a white foam (0.178 g, 28 %). 
LCMS 6 min gradient method, Rt = 4.2 min, (M+IT) = 487 



WO 2005/060949 



PCTYUS2004/038221 



-265- 

iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example 1G, using polymer supported diwopropylamine (3.78 mole/g, 
0.48 g, 1.80 mmole), (2^-2-[(S)-{[3-(4-cMoropheny^^ 

4.(phenylmethyl)morpholine (0.175 g, 0.36 mmole), dry DCM (10 ml), 1-chloroethyl 
chlorofonnate (0.20 ml, 1.80 mmole) and methanol (10 ml). This gave a colourless 
residue (0.129 g, 90 %). This residue is taken up in ethyl acetate. To this is added a 
solution of fumaric acid (1.1 equiv, 0.035 g) in methanol. The resulting solid is 
recombined with the mother liquor and purified onaUV Guided PrepHPLC (Flex) 
System and treated with SC10-2 to give a yellow solid. This is further purified by 
automated flash chromatography (ISCO System, Redisep 4 g Si0 2 column, 0 - 5 % 
methanol in dichloromethane gradient elution over 40 minutes, then 10 minutes at 5 % 
Methanol in dichloromethane with 10 ml/min flow rate) to give (2S)-2-[(S)-{ [3-(4- 
cMorophenyl)pyridin-2-yl]tM^ as a pale yellow oil (0.049 g, 

34 %). This oil is taken up in ethyl acetate. To this is added a solution of fumaric acid 
(1.1 equiv, 0.0145 g) in methanol. The resulting solution is concentrated in vacuo and 
recrystallised from MeOH and Etp. The solid is collected by filtration to give the 
fumarate salt of (25)-2-[(5)-{ [3-(4-chlorophenyl)pyridin-2- 

yl]thio}(phenyl)methyl]morpholine (1:1 fumarate salt) as a white solid (0.047 g). LCMS 
12 min gradient method, Rt = 5.7 min, (M+FT) = 397 

Example 11G: (2SV24( SM(5-bromopvridto^^ 



fumarate 




Fumarate salt 



i) To a solution of S- { (5)-phenyl [(25)-4-(phenylmethyl)morpholin-2-yl]methyl} 
ethanethioate (5) (0.25 g, 0.73 mmole) in dry methanol (2 ml) is added sodium methoxide 
(0.040 g, 0.73 mmole) under nitrogen. This is left to stir at room temperature for 1 hour. 
Methanol is removed in vacuo and replaced with DMF (1 ml). To this is then added the 
5-bromo-2-fluoropyridine (0.11 ml, 1.02 mmole). The reaction mixture is left to stir at 
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room temperature, under nitrogen, overnight The reaction mixture is diluted with DCM 
and loaded directly onto a 35 g Redisep column. Purification by automated flash 
chromatography (ISCO System, Redisep 35 g Si0 2 column, 0 - 20 % ethyl acetate in 
cyclohexane gradient elution over 40 minutes) gave (25)-2-[(5)-[(5-bromopyridin-2- 
yl)thio](phenyl)methyl]-4-(phenylmethyl)morpholine as a colourless oil (0.186 g, 56%). 
LCMS 6 min gradient method, Rt = 3.6 min, (M+lF) = 455/457 

ii) To a suspension of polymer supported diwopropylamine (3.78 mmol/g, 0.108 g, 20.4 
mmole) and (2^-2-[(^-[(5-bromopyridin-2-yl)tWo](phenyl)methyl]-^ 
(phenylmethyl)morpholine (0.186 g, 0.408 mmole) in dry DCM (10 ml) is added 1- 
chloroethyl chloroformate (0.22 ml, 2.04 mmole) at room temperature and under 
nitrogen. The mixture is heated at 40°C for 2.5 hours. The reaction mixture is then filtered 
and concentrated in vacuo then taken up in methanol (10 ml). The solution is left to stir at 
room temperature overnight. After this time, the reaction mixture is loaded directly onto 
an SC10-2 column (5 g). The SC10-2 column is washed with methanol. The target 
compound is eluted with 2 N NH/methanol. This is concentrated in vacuo to give (25)«2- 
[(5)-[(5-bromopyridin-2-yl)tWo](phenyl)methyl]morpholine as a colourless oil (0.108. g, 
72 %). This oil is taken up in ethanol. To this is added a solution of fumaric acid (1.2 
equiv, 0.041 g) in ethanol. Solvent is removed in vacuo and the resulting residue 
triturated with EtOAc. This solid is collected by filtration to give the fumarate salt of 
(2^-2-[(S)-[(5-bromopyridin-2-yl)^ (1:1 fumarate salt) as 

a white solid (0.105 g). LCMS 12 min gradient method, Rt = 5.0 min, (M+IT) = 365/367 

Example 12G: 2-ir(Sl-(2SVmorpholin-2-vK^^ 
carboxamide fumarate 




Fumarate salt 



i) To a degassed solution of 5-{(»S)-phenylt(25)^(phenylmethyl)morpholin-2--yl]methyl} 
ethanethioate (5) (0.100 g, 0.293 mmole) and 2-chloronicotinamide (0.046 g, 0.293 
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mmole) in ethanol (3 ml) is added a solution of sodium hydroxide in water (2 M, 0.293 
ml, 0.586 mmole). The resulting solution is stirred at room temperature overnight. An 
additional portion of 2-chloronicotinamide (0.046 g, 0.293 mmole) is added to the 
reaction mixture which is then heated at 40 °C overnight. The reaction mixture is diluted 
5 with methanol and loaded onto an SC10-2 column preconditioned with MeOH. The 

column is washed with MeOH then basic material is eluted with 2 N NH/methanol. This 
ammonia solution is concentrated in vacuo to give 2-({[(S)-phenyl[(2S)-4- 
(phenylmethyl)moipholin-2-yl]m as a pale orange 

residue (0.124 g, 100%). LCMS 6 min gradient method, Rt = 2.1 min, (M+H*) = 420 

10 

ii) To a suspension of polymer supported diwopropylamine (3.78 mmol/g, 0.38 g, 1.47 
mmole) and 2-({[(S)-phenyl[(2^^(phenylm 

3-carboxamide (0.123 g, 0.29 mmole) in dry DCM (10 ml) is added 1-chloroethyl 
chloroformate (0.16 ml, 1.47 mmole) at room temperature and under nitrogen. The 

15 mixture is heated at 40°C for 2 hours. The reaction mixture is then filtered and 

concentrated in vacuo to give a pale yellow residue. This is taken up in methanol (10 ml) 
and the solution left to stir at room temperature for 3 hours. After this time, the reaction 
mixture is loaded directly onto an SC10-2 column. The SC10-2 column is washed with 
methanol then more basic compounds are eluted with 2 N NH/methanol. The a mm onia 

2 0 soluition is concentrated in vacuo to give 2-{ [(5)-(2S)-morpholin-2- 

yl(phenyl)methyl]1hio}pyridine-3-carboxamide as a pale yellow oil (0.097 g, 100 %). The 
pale yellow oil is taken up in methanol. To this is added a solution of fumaric acid (1 
equiv, 0.0153 g) in methanol. This is stirred for a couple of minutes, then EtOAc added. 
The resulting precipitate is collected by filtration to give the fumarate salt of 2-{ [(S)-(2S)- 

2 5 morpholin-2-yl(phenyl)methyl]thio }pyridine-3-carboxamide (1:1 fumarate salt) as a 

white solid (0.095 g). LCMS 12 min gradient method, Rt = 2.4 min, (M+H 4 ) = 330 

Example 13G; 2^rf51-(2S)-morpholin-2-vl(phenvl)methvI1thio>pvri 
carbonitrile fumarate 
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Fumarate salt 



i) To a degassed solution of 5-{(5)-phenyl[(25)^(phenylmethyl)morpholin-2^ 
ethanethioate (5) (0.050 g, 0.147 mmole) and 2-chloro-3-cyanopyridine (0.020 g, 0.146 
mmol) in ethanol (1.5 ml) is added a solution of sodium hydroxide in water (2 M, 0.146 

5 ml, 0.293 mmole). The resulting solution is stirred at room temperature for -17 hours. 

The reaction mixture is diluted with methanol and loaded onto an SC10-2 column 
preconditioned with MeOH. The column is washed with MeOH then basic material is 
eluted with 2 N NH/methanol. This ammonia solution is concentrated in vacuo to give 2- 
({ [(5)-phenyl[(25)^-(phenylmethyl)morpholin-2-yl]methyl } thio)pyridine-3-carbonitrile 
10 as an off white solid (0.055 g, 93%). LCMS 6 min gradient method, Rt = 2.8 min, 

(M+IT) = 402 

ii) To a suspension of polymer supported diwopropylamine (3.78 mmol/g, 0.181 g, 0.685 
mmole) and 2-({[(S)-phenyl[(2S)-4-(phenyto 

15 3-carbonitrile (0.055 g, 0.137 mmole) in dry DCM (5 ml) is added 1-chloroethyl 

chloroformate (0.075 ml, 0.685 mmole) at room temperature and under nitrogen. The 
mixture is heated at 40°C for 2 hours. The reaction mixture is then filtered and 
concentrated in vacuo to give a pale orange liquid. This is taken up in methanol (5 ml) 
and the solution left to stir at room temperature overnight. After this time, the reaction 

2 0 mixture is loaded directly onto an SC10-2 column. The SC10-2 column is washed with 

methanol then more basic material is eluted with 2 N NH/methanol. The ammonia 
solution is concentrated in vacuo to give 2-{[(5)-(25)-morpholin-2- 
yl(phenyl)methyl]tWo}pyridine-3-carbonitrile as a pale yellow oil (0.041 g, 95 %). The 
pale yellow oil is taken up in methanol. To this is added a solution of fumaric acid (1 

2 5 equiv, 0.0153 g) in methanol. This is stirred for a couple of minutes, then EtOAc 

followed by cyclohexane added. The resulting precipitate is collected by filtration to give 
the fumarate salt of 2-{ [(5)-(25)-morpholin-2-yl(phenyl)metbyl]thio}pyridine-^ 
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carbonitrile (1:1 fumarate salt) as a white solid (0.042 g). LCMS 12 min gradient method, 
Rt = 4.6 min, (M+H*) = 312 

Example 1 4G: f25V24phenvlfpvridin-2-vltMo)methvl1mon)holine hydrochloride 




Fumarate salt 



i) To a stirred solution of (#)-phenyl[(2SM-(pheny 

methanesulfonate (0.70 g, 1.94 mmole) and 2-mercaptopyridine (0.54 g, 4.84 mmole) in 
anhydrous DMF, at room temperature and under nitrogen, is added potassium carbonate 
(0.80 g, 5.81 mmole). The reaction is left to stir at room temperature for 6 days. The 
reaction mixture is diluted with methanol and loaded onto an SC10-2 column 
preconditioned with MeOH. The column is washed with MeOH then basic material is 
eluted with 2 N NH/methanol. This ammonia solution is concentrated in vacuo to give an 
orange residue (0.881 g). Purification by automated flash chromatography (ISCO System, 
0 - 30 % ethyl acetate in wohexane gradient elution over 30 minutes) gave (2*S>2- 
[phenyl(pyridm-2-ylttoo)meth^ as a colourless oil (0.245 

g, 34 %\ LCMS 6 min gradient method, Rt = 2.7 min, (M+H*) = 377. 

ii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example 1G, using polymer supported diwopropylamine (3.78 mmole/g, 
0.43 g, 1.64 mmole), (25)-2-[phenyl(pyridin-2-ylthio)methyl]-4- 
(phenylmethyl)morpholine (0.103g, 0.274 mmole), dry DCM (10 ml), 1-chloroethyl 
chloroformate (0.15 ml, 1.37 mmole) and methanol (10 ml). This gave a pale yellow oil 
(0.058 g, 74 %). ). Purification of this residue by automated flash chromatography (ISCO 
System, Si0 2 Redisep column, 10 % MeOH in DCM) gave a colourless oil (0.044 g, 54 
%). This oil is taken up in ethyl acetate. To this is added a solution of hydrochloric acid 
in dioxane (4 M, 0.1 ml). Concentration in vacuo gave the hydrochloride salt of (2S)-2- 
[phenyl(pyridin-2-ylthio)methyl] as a white solid (0.045 g). LCMS 6 min gradient 
method, Rt = 1.8 min, (M+H 4 ) = 287 
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Example 15G: (2S)-24(SM(34odopyridfa^^ 
fumarate 




Fumarate salt 



i) To (S)-phenyl[(2S)-4-(^ (6) (0.50 g, 1.67 
mmole) and 2-chloro-3-iodopyridine (0.48 g, 2.00 mmole) in degassed DMF (3 ml) is 
added cesium fluoride (0.38 g, 2.50 mmole) at room temperature and under nitrogen. The 
mixture is heated at between 55-75°C for 3 days. The organic layer is then loaded directly 
onto a 35 g ISCO column (SiO^ and columned using automated flash chromatography (0 
- 30% EtOAc in cyclohexane over 30 minutes) to give a pale yellow crystalline solid 
(0.55 g). The solid is taken up in DCMrMeOH (1:1) and loaded onto an SC10-2 column 
(10 g) preconditioned with MeOH. The column is washed with MeOH to remove 2- 
chloro-3-iodopyridine, then more basic material is eluted with 2 N NH/methanol. The 
ammonia solution is concentrated in vacuo to give (25)-2-[(5)-[(3-iodopyridin-2- 
yl)tMo](phenyl)methyl]--4-(phenylmethyl)morpholine as a pale yellow solid (0.19 g, 
23%). LCMS 6 min gradient method, Rt = 3.8 min, (M+H*) = 503 

ii) To a suspension of polymer supported diwopropylamine (3.72 mmol/g, 0.285 g, 1.06 
mmole) and (25)-2-[(5)-[(3-iodopyridin-2-yl)thio](phenyl)methyl]-4- 
(phenylmethyl)morpholine (0.107 g, 0.21 mmole) in dry DCM (1.5 ml) is added 1- 
chloroethyl chloroformate (0.116 ml, 1.06 mmole) at room temperature and under 
nitrogen. The mixture is heated at 40°C for 2 hours. The reaction mixture is then filtered 
and concentrated in vacuo to give a pale orange liquid. This is taken up in methanol (1.5 
ml) and the solution left to stir at room temperature overnight After stirring overnight at 
room temperature, the reaction mixture is loaded directly onto an SC10-2 column. The 
SC10-2 column is washed with methanol, then more basic material is eluted with 2 N 
NH/methanol. The ammonia solution is concentrated in vacuo to give (2S)-2-[(iS)-[(3- 
iodopyridin-2-yl)thio](phenyl)methyl]morpholine as a pale yellow oil (0.047 g, 53%). 
This oil is taken up in methanol and to this is added a solution of fumaric acid (1 equiv, 
0.013 g) in methanol. This is stirred for a couple of minutes, then EtOAc followed by 
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EtjO added. The resulting precipitate is collected by filtration to give the fumarate salt of 
(2,S)-2-[(SH(34odopyridm (1:1 fumarate salt) as a 

white solid (0.036 g). LCMS 12 min gradient method, Rt = 4.9 min, (M+H*) = 413 

The following examples illustrate compounds of of Formulae (JH) above and methods for 
their preparation. 

Examples of compounds of formula (JH) may be prepared by conventional organic 
chemistry techniques from ^-benzyl-morpholine-2-carboxylic acid ethyl ester 1 as 
outlined in Scheme 1H. 




R1 



1a,1b racemic 2a, 2b: racemic 

1 b: desired enantiomer 2b: desired enantiomer 



Scheme 1H 

Conversion of 1 into Weinreb amide 2 followed by treatment with a suitable Grignard 
reagent leads to ketones listed in Table 1H. 



R1 


Number 


methyl 


3 


ethyl 


4 


isopropyl 


5 


isobutyl 


6 


cyclopentyl 


7 


tetrahydropyranyl 


8 


3,3,3-trifluoropropyl 


9 


4,4,4-trifluorobutyl 


10 


cyclopropyl 


77 



Table 1H 



Cyclopropyl-substitxrted ketone 77 may alternatively be obtained from N-benzyl 
morpholinone as outlined in Scheme 4H. 

OH OH O 

Ph^ Ph^ Ph^ Ph^ 

75 76 77 
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Scheme 4H 

Treatment of the benzyl-moipholinine with a strong base such as lithium 
diisopropylamide followed by addition of cyclopropyl methylaldehyde gives 75. 
Reduction of 75 with, for example, borane-THF complex gives 76. Addition of a solution 
of 76 to a pre-mixed solution of dimethylsulfoxide and oxalyl chloride provides 77. 

Reaction of ketones listed in Table 1H with a suitably substituted benzyl Grignard 
reagent gives N-benzyl substituted tertiary alcohols listed in Table 2H as outlined in 
Scheme 2H. 

O r-L /=\ 

C N J — ► CJ R1 ^ 
j v 

Ph s N-benzyl substituted tertiary alcohols 

Ph 

Scheme 2H 

Debenzylation and salt formation as detailed in Scheme 3H leads to the tertiary alcohol 
salts listed in Table 2H. 




Scheme 3H 



Example 


R1 


R2.R5 


N-Benzyl 


HCI Salt 


1H 


methyl 


2-Ph 


11 


12 


2H 


ethyl 


2-OMe,5-F 


13 


14 


3H 


ethyl 


2-OCF3 


15 


16 


4H 


ethyl 


2-Ph 


17 


18 


5H 


isopropyl 


2-OMe, 5-F 


19 


20 


6H 


isopropyl 


2-OMe 


21 


22 


7H 


isopropyl 


2-Oet 


23 


24 


8H 


isopropyl 


2-OCF3 


25 


26 


9H 


isopropyl 


2-Ph 


27 


28 


10H 


isopropyl 


2-Ph,5-F 


29 


30 


11H 


isobutyl 


2-OMe, 5-F 


31 


32 | 


12H 


isobutyl 


2-Oet 


33 


34 


13H 


isobutyl 


2-OCF3 


35 


36 


14H 


isobutyl 


2-Ph 


37 


38 
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15H 


isobutyl 


2-Ph, 5-F 


39 


40 


16H 


cyclopentyl 


2-OMe, 5-F 


41 


42 


17H 


cyclopentyl 


2-Oet 


43 


44 


18H 


cyclopentyl 


2-OCF3 


45 


46 


19H 


cyclopentyl 


2-Ph 


47 


48 


20H 


cyclopentyl 


2-Ph, 5-F 


49 


50 


21 H 


tetrahydropyranyl 


2-OMe, 5-F 


51 


52 


22H 


tetrahydropyranyl 


2-OCF3 


53 


54 



Table 2H 



Examples 1H to 22H can be otained in enantiomerically pure form via this route using 
chirally pure ester lb. Resolution of 1 into la and lb can be achieved through chiral 
HPLC. Addition of the benzyl Grignard reagent is a stereoselective process and gives 
predominantly one diastereomer with only small amounts of the second diastereomer. No 
epimerisation was observed during removal of the benzyl group. Alternatively, 
enantiomerically pure products are obtained through conversion to an N-protected 
analogue such as butyloxycarbonyl or carbobenzyloxy followed by separation by chiral 
HPLC. Removal of the N-protecting group leads to enantiomerically highly enriched 
products. 

General Synthetic Procedures for the Preparation of Examples 1H to 22H 

General Procedure 1: Preparation of N-benzyl moroholine alkvl ketones 
To a solution of the carboxamide 2 or 2b in anhydrous THF at 0°C is added a solution of 
the requisite Grignard reagent (1.2-3 eq in one or two aliquots). The reaction mixture is 
allowed to warm up to room temperature and left stirring for 45 minutes to 2 hours before 
quenching either with 1M hydrochloric acid or saturated ammonium chloride solution 
and extracting either in DCM or ethyl acetate. The combined organic layers are dried over 
magnesium sulphate, filtered and concentrated in vacuo to give the corresponding alkyl 
ketones 3-10 and 77. 
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General Procedure 2: Preparation of N-benzvl tertiary alcohols 




To a solution of the ketones 3-10 and 77 in anhydrous THF at 0°C is added a solution of 
the requisite benzyl Grignard reagent (1.1-1.5 eq). The reaction mixture is allowed to 
warm up to room temperature and left stirring for 1-2 hours before quenching by addition 
of cold water. After extraction of the aqueous layer in DCM, the combined organic layers 
are washed with brine, dried over magnesium sulphate, filtered and concentrated in vacuo 
to give the title N-benzyl tertiary alcohols. Purification details are listed for individual 
compounds. 

General Procedure 3: Debenzvlation of N-benzvl tertiary alcohols 
To a solution of the requisite N-benzyl tertiary alcohol in anhydrous DCM is added solid 
supported Hunig's base (Argonaut, 3.56 mmol/g, 2-4 eq) and a-chloroethyl 
chloroformate (3 to 10 eq) at room temperature under nitrogen. The reaction mixture is 
heated to 40°C and the reaction is monitored by FIA + and LCMS analysis. After 
completion the reaction mixture is filtered, and the resin washed with DCM. The 
combined organic phases are concentrated in vacuo. Methanol is added and the solution 
heated to 60°C for L5 to 8 hours. After complete consumption of starting material the 
methanol solution is evaporated to give a product, which is further purified as detailed for 
individual compounds. 

General Procedure 4: Conversion of amines into hydrochloride salts 
To a solution of the requisite amine in dry diethyl ether (5-10 ml) is added hydrochloric 
acid (1.2 eq, 1M solution in diethyl ether). Ether is blown off with a stream of nitrogen or 
removed in vacuo and the samples were either dried under high vacuum for several hours 
or freeze-dried (acetonitrile/water 1:1 [v/v]) to give the hydrochloride salts in near 
quantitative yield. 
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General Procedure 5: Preparation of benzyl Grignard reagents 
Such reagents were prepared from the requisite benzyl halide using methods known to 
those skilled in the art (see for example Fieser, L.F. and Fieser, M.F. "Reagents for 
Organic Synthesis", John Wiley and Sons Inc., Vol. 1, pp. 415-424 or March, J. 
"Advanced Organic Chemistry", John Wiley and Sons Inc., 3* Ed., pp. 558-561). The 
requisite benzyl halides were either commercially available or prepared using previously 
published literature methods. 

Preparation of Intermediates for the Synthesis of Examples 1H-22H 
4-Benzyl-morpholine-2-carbonitrile 

" a* 

N 

A one-litre reactor with mechanical stirring, cooled by an ice bath, is charged with 
JV-benzylethanolamine (172.2 g; 1 equiv. available from Aldrich Chemical Company). 2- 
Chloroacrylonitrile (100 g; 1 equiv. available from Aldrich Chemical Company) is added 
dropwise over 2 minutes. The temperature is maintained between 23 °C and 29 °C by 
means of the ice bath and subsequently a water batiht at 15 °C. After one night stirring at 
room temperature (water bath), the mixture is dissolved in tetrahydrofuran and transferred 
to a 2 L reactor which is cooled to -5 °C by ice/NaCl bath. The total volume of 
tetrahydrofuran is 1.35 L. Potassium tert-butoxide (148 g; 1.1 equiv.) is added by portions 
over 1 hour, keeping the reaction temperature at 0±2 °C. After 1 hour post-stirring at 0 °C, 
the mixture is quenched with saturated NaHC0 3 (500 mL). The aqueous layer is extracted 
with diethyl ether (500 mL). Organic layers are dried over MgSCU and evaporated to 
dryness. The title compound (149.8 g; 65%) is obtained after percolation of the 250 g dry 
residue on 1 kg of Si0 2 , eluting with the following gradient: 

5% AcOEt - 95% n-heptane 2.5 L 

10% AcOEt - 90% n-heptane 2L 

15% AcOEt - 85% n-heptane 2 L 

20% AcOEt - 80% n-heptane 5 L 
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(R£)^-Ben7yl-morpholine-2-carboxylic acid ethyl ester (la,lb) 




A stirred solution of 4-benzyl-morpholine~2-carbonitrile (113.0g, 0.56mole) in ethanol 
(1030ml) is treated with concentrated sulphuric acid (165ml) added in portions. 
5 (exothermic, internal temperature rises from ambient to 65 °C). The mixture is then 

warmed under reflux for 66hrs. The solution is cooled and then concentrated in vacuo to 
half volume, basified with aqueous potassium carbonate (beware frothing) and the 
product extracted into diethyl ether. The organic phase is dried over magnesium sulphate, 
filtered and evaporated to dryness in vacuo to yield an oil. This material is evacuated 
10 further under high vacuum. Yield = 121. 3g (87%). 

(R,S)^-Benzyl-morpholine-2-carboxylie acid methoxy-methyl-amide (2a, 2b) 

& 

To a stirred suspension of iV^dimethymyckoxylamine (6.6 g, 67.6 mmol) in anhydrous 
DCM (200 ml) under nitrogen at 0°C is added dropwise a solution of tiimethylaluminium 

15 (2M solution in hexane, 34 ml, 67.6 mmol) over 30 minutes. The reaction mixture is 

allowed to warm up to room temperature and left stirring for 1 hour. A solution of the 
ester la, lb (6.74 g, 27 mmol) in anhydrous DCM (100 ml) is then added dropwise over 
30 minutes and the reaction mixture left stirring overnight before quenching by cautious 
addition of phosphate buffer (disodium hydrogen phosphate, pH 8) solution. The 

2 0 precipitate is removed by filtration through a celite pad and the residue washed with 

chloroform. The organic phase is then concentrated in vacuo and washed with water. The 
aqueous layer is re-extracted with chloroform and the organic phases are combined, 
washed with brine, dried over magnesium sulphate and the solvent evaporated in vacuo to 
give 2a, 2b as a yellow oil. Alternatively, the reaction could be worked up as follows: 

2 5 upon addition of a solution of the ester la, lb (1 eq) the reaction mixture is left stirring 

for 1 hour before quenching by addition of phosphate buffer (disodium hydrogen 
phosphate, pH 8) solution, followed by addition of water. The aqueous layer is re- 
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extracted with DCM and the organic phases are combined, dried over magnesium 
sulphate and the DCM evaporated in vacuo to give 2a, 2b as a yellow oil (3.36 g, 47 %). 
MW 264.33; C lA HJf 2 0 3 ; l U NMR (CDCI3): 7.47-7.22 (5H, m), 4.55 (1H, d, 1.5 Hz), 4.00 
(1H, dd, 11.5 Hz, 1.7 Hz), 3.75 (1H, dt, 11.5 Hz, 2.2 Hz), 3.65 (3H, s) 3.56 (2H, m), 3.17 
(3H, s), 2.93 (1H, d, 11.3 Hz), 2.68 (1H, d, 11.3 Hz), 2.30 (2H, AB, 11.3 Hz); LCMS: (6 
qain method) m/z 265 [M+H] + , Rt 0.65 min. 
2-Phenyl-5-fluoro benzyl bromide 




The title compound is prepared in 5 steps from commercially available (Aldrich) 5- 
1 0 fluorosalicylic acid following literature procedures (JACS, 2000, 122, 4020-4028). MW 

265.13; C l3 H 10 BrF; l U NMR (CDCI3): 7.48-7.38 (5H, m), 7.26-7.19 (1H, m), 7.05 (1H, td, 
8.3 Hz, 2.8 Hz), 4.39 (2H, s); 19 F NMR (CDCI3): -114.72. 
(5-Fluoro-2-methoxy-phenyl)-methanol 

OMe 




F 

15 To a solution of 2-methoxy-5-fluorobenzaldehyde (11 .093g, 1 equiv.- available from 

Aldrich Chemical Company) in methanol at -10 °C under nitrogen atmosphere is added 
NaBH 4 (7.5 15g, 2.7 equiv.) portionwise. The solution is allowed to warm to room 
temperature and after 30 minutes the reaction solvent is removed under reduced pressure 
and replaced with dichloromethane. This solution is poured onto ice water and further 

2 0 extracted with dichloromethane. The organic fractions are collected and dried (MgSO^ 

and the solvent removed under reduced pressure to give the title compound as an oil 
(9.794g, 87%). l H NMR (300MHz, CDCI3): S 2.58 (m, 1H), 3.81 (s, 3H), 4.63 (d, 2H, / = 
6.3 Hz), 6.78 (dd, 1H, /= 8.9 and 4.3 Hz), 6.94 (td, 1H, /= 8.5 and 3.1Hz), 7.04 (dd, 1H, 
/=8.7 and 3.1Hz). 

2 5 5-fluoro-2-methoxybenzyl chloride 

OMe 
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Neat (5-Ruoro-2-methoxy-phenyl)-methanol (19.587g, 1 equiv.) is added to neat SOC^ 
(42.2 mL, 4.6 equiv.) at -78°C under a nitrogen atmosphere and the solution is then 
allowed to warm to room temperature and stirred until evolution of gas ceases. An 
equivalent volume of anhydrous toluene is added to the flask and the solution heated to 
60°C. On cooling, the reaction solution is poured onto ice water. The toluene layer is 
separated and dried (MgSO^ and the solvent removed under reduced pressure. The crude 
material is sublimed (6O-80°C/0.05 mBarr) to give the title compound as a white solid 



(13.40 g, 61%). X H NMR (300MHz, CDC1 3 ): 6 3.87 (s, 3H), 4.60 (s, 2H), 6.79-7.20 (m, 



reactor under N 2 . A solution of 5-fluoro-2-methoxybenzyl chloride (116 g, 0.664 mole, 
1.5 eq.) in diethyl ether (200 ml) is loaded in an addition funnel. Iodine crystals and a 
small amount of the 5-fluoro-2-methoxybenzyl chloride solution are added and the 
reaction mixture is stirred to initiate the reaction. The remainder of the 5-fluoro-2 
methoxybenzyl chloride solution is then added drop-wise maintaining the temperature of 
the reaction mixture below 28 °C. The mixture is stirred for another 5 minutes at 19. °C 
and after completion of the addition and a white suspension is formed. 
l-[4-(Phenylmethyl)morpholin-2-yl]ethan-l-one (3) 



Compound 3 is obtained from 2b (0.730 g, 2.8 mmol) and commercially available 
(Aldrich) methyl magnesium bromide (1.0M solution in THF, 3 ml, 3 mmol, 1.1 eq) in 
anhydrous THF (25 ml) following General Procedure 1 after purification by automated 
column chromatography (EtOAc/n-heptane 14-100% gradient) (0.3 g, 49%). MW 235.33; 
C l4 H 21 NO r LCMS (6 minute method) m/z 220.1 [M+H] + , Rp 155 min - 
l-[4-(Phenylmethyl)morpholin-2-yl]propan-l-one (4) 



3H). 

2-methoxy-5-fluorobenzyl magnesium bromide 

Magnesium turnings (21.6 g, 0.888 mole, 2 eq.) and diethyl ether (300 ml) are loaded in a 
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Compound 4 is obtained from 2b (0.70 g, 2.65 mmol) and commercially available 
(Aldrich) ethyl magnesium bromide (2.65 ml, 7.94 mmol, 3 eq) in anhydrous THF (25 
ml) following General Procedure 7 as a yellow oil (583 mg, 89%). MW 249.36; 



Compound 5 is obtained from 2b (3.018 g, 11.4 mmol) and commercially available 
(Aldrich) isopropyl magnesium chloride (2M/THF, 17.1 ml, 34.3 mmol, 3 eq) in THF 
(100 ml), following General Procedure 1 as a yellow oil (2.68 g, 89%); MW 263.38; 
C^NCg; LCMS (6 minute method): m/z 248.2 [M+H] + , R^lmin. 
3-Methyl-l-[4-(phenylmethyl)morpholin-2-yl]butan-l-one (6) 



Compound 6 is prepared from 2 (10 g, 37 mmol) in anhydrous tetrahydrofuran (50 ml) 
and commercially available (Aldrich) isobutyl magnesium bromide (2M solution in 
diethyl ether, 56 mmol, 28 ml, 1.5 eq) following General Procedure L After stirring for 1 
hour the reaction is quenched by addition of aqueous hydrochloric acid (150 ml). THF is 
removed in vacuo and diethyl ether is added after pH adjustment by addition of a 
saturated sodium bicarbonate solution. The organic phases are combined, dried over 
magnesium sulphate and the solvent is removed in vacuo. 6 is isolated in 80% purity (8.7 
g, 67 % with respect to pure product). MW 261.37; CJH^NOj; LCMS: (6 min method) 
m/z 262.2 [M+H] + , R, 2.753 min. 

Cyclopentyl[4-(phenylmethyl)morpholin-2-yl]methanone (7) 



CJH^NO,. 

2-Methyl-l~[4-(phenylmethyl)moipholin~2-yl]prop (5) 




o 




o 




Compound 7 is prepared from 2 (3.36 g, 12.7 mmol) in anhydrous tetrahydrofuran (120 
ml) and commercially available (Aldrich) cyclopentyl magnesium bromide (2M solution 
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in diethyl ether, 19.1 ml, 38.2 mmol, 3 eq following General Procedure 1 in quantitative 
yield as yellow oil. MW 273.38; C 17 H as N0 1 ; LCMS: (6 min method) m/z 274 [M+H] + , 
2.24 min. 

[4-(Phenylmethyl)morpholin-2-yl](tetrahydro^ (8) 

Compound 8 is obtained from 2b (2.84 g, 10.74 mmol) in anhydrous tetrahydrofuran (30 
ml) and 4-tetrahydropyranyl magnesium chloride (Chem. Ber. 98,1965, 3757) (2M 
solution in tetrahydrofuran, 6.5 ml, 13 mmol, 1.2 eq) following General Procedure 1. 
After 30 minutes further 4-tetrahydropyranyl magnesium chloride is added (2M solution 

10 in diethyl ether, 6.5 ml, 13 mmol, 1 eq.). After stirring for 2 hours the reaction mixture is 

quenched by addition of ammonium chloride solution (30 ml) and ethyl acetate (30 ml). 
The aqueous layer is re-extracted with ethylacetate (30 ml) and the organic phases are 
combined, dried oyer magnesium sulphate and the solvents are removed in vacuo. The 
resulting residue is purified by ion exchange ion exchange chromatography to give 8 as a 

15 yellow oil (2.98 g, 96 %). MW 289.38; C^H^NO,. LCMS: (6 min method) m/z 290 

[M+H] + , Rp 2.20 min. 

5,5,5-Trifluoro~l-[4-(phenylmethyl)morpholin-2-^^^ (9) 




Compound 9 is obtained from 2b (1.38g, 5.23mmol) and 3,3,3-trifluoropropyl 
2 0 magnesium bromide (20.9mls, 10.50mmol, 2eq) in dry THF (45ml) following General 

procedure i. 3,3,3-Trifluoropropyl magnesium bromide is obtained from commercially 
available (Aldrich) 3,3,3-trifluoropropyl bromide following General Procedure 5. 
Purification by ion exchange chromatography gives 9 as oil (1.24g, 78.7%). MW 301.31; 
C I5 H 18 F3NO z LCMS (6 minute method): m/z 302.4 [M+H] + , Rr 2.66min. 
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5 f 5,5-Trifluoro-l-[4-(phenylniethyl)ntorphoUn-2-yl]pentan-l-one(10) 

o 

Compound 10 is prepared from a solution of 2 (0.717 g, 2.71 mmol) in anhydrous 
tetrahydrofuran (20 ml) and 4,4,4-trifluorobutyl magnesium bromide (0.5M solution in 
diethyl ether, 6.5 ml, 3.25 mmol, 1.2eq). 4,4,4-Trifluorobutyl magnesium bromide is 
obtained from commercially available (Aldrich) 4,4,4-trifluorobutyl bromide following 
General Procedure 5. After 30 minutes another 0.3 eq of 4,4,4-trifluorobutyl magnesium 
bromide are added (0.5M solution in diethyl ether, 2.5 ml). After stirring for 2 hours the 
solvents are removed in vacuo and water (20 ml) and ethyl acetate (30 ml) are added to 
the residue. The organic phase is washed with brine, dried over magnesium sulphate and 
the solvent is removed in vacuo to give 10 as clear oil (0.985 g). 10 is taken onto the next 
step without further purification. MW 315.34; C^HJ^O^; LCMS: (6 min method) m/z 
SietM+HlM^^min. 
4-Benzylmorpholin-3-one 

a 
& 

A solution of AT-benzyl-iV-(2-hydroxyethyl) chloroacetamide (627.7 g, 2.76 mol) in tert- 
butanol (0.9 1) is stirred under nitrogen while warming to 25-30°C. Potassium tert- 
butoxide (2.897 1 of a 1M solution in terf-butanol, 2.90 mol, 1.05 eq) is added over 2 
hours. The reaction mixture is then stirred at room temperature for 90 minutes. Ice-cold 
water (6 1) is added and the resultant cloudy solution extracted with ethyl acetate. The 
combined organic layers are washed with brine, dried over magnesium sulphate and 
evaporated in vacuo to give a light brown oil (441 g, 84%), which is used in the next 
stage without further purification; MW 191.23; C^H^NC^; l H NMR (CDCI3): 7.29-7.40 
(5H, m), 4.67 (2H, s), 4.28 (2H, s), 3.87 (2H, t, 5 Hz), 3.31 (2H, t, 5 Hz); LCMS: (12 min 
method) m/z 192 [M+H]+ @ Rt 1.00 min. 



WO 2005/060949 



PCTYUS2004/038221 



-282- 



4-Benzyl-2^(<yclopropyl'hydroxy~methyl)-morpholin-3^one (75) 



OH 



To a solution of 4-benzyl-morpholin-3-one (9.5 g, 50 mmol) in THF (200 ml) is added 
lithium diisopropylamide (2M solution in THF, 27 ml, 54 mmol, 1.1 eq ) dropwise over 
20 minutes at -78°C followed by slow addition of cyclopropyl methylaldehyde (3.85 ml, 
55 mmol, 1.1 eq). After stirring at -78°C for one hour the reaction mixture is allowed to 
warm to room temperature and stirred for another 6 hours. The reaction is quenched by 
addition of EtOAc and brine. The aqueous layer is extracted with EtOAc, the combined 
organic layers are dried over magnesium sulphate and reduced in vacuo. Purification 
using automated column chromatography (DCM/MeOH, 0 to 15% gradient) gives 75 in 
70% purity with 4-benzyl-moipholin-3-one as the major impurity. This product is directly 
used in the next step. MW 261.32; C 15 H 19 NO a ; J H NMR (CDCI3): LCMS: (6 min method) 
m/z 261.32 [M+H] + , R, 2.23 

(4-BenzyUmorpholin-2-yl)-cyclopropyl-methanol (76) 



Borane-THF complex (1M solution in THF, 30 ml, 30 mmol, 4.1 eq) is added slowly to a 
solution of 75 (1.9 g, 7.3 mmol) in THF (100 ml). The reaction is heated to 60°C. After 
24 hours MeOH and hydrochloric acid (2M, excess) are added and the resulting mixture 
heated for one hour at the same temperature. After careful addition of saturated NaHC0 3 
solution and EtOAc the aqueous layer is extracted with EtOAc. The combined organic 
layers are washed with, brine, dried over magnesium sulphate and the solvent is removed 
in vacuo. Purification by ion exchange chromatography gives 76 (1.1 g, 61%). MW 
247.34; CJH^NO,; l H NMR (CDCI3): LCMS: (6 min method) m/z 0.64 [M+H] + , R, 2.48 




mm. 
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Cyclopropyl[4'(phenylmethyl)morpholin-2-yl]methanone (77) 




A solution of dimethylsulphoxide (0.69 ml, 9.7 mmol, 2.2 eq) in DCM (4.5 ml) is slowly 
added to a solution of oxalyl chloride (2.43 ml, 4.85 mmol, 1.1 eq) in DCM (2.5 ml) 
followed by a solution of 76 (1.09 g, 4.41 mmol) in DCM (0.7 ml) under nitrogen at - 
60°C. After stirring for 15 minutes, triethylamine (3.14 ml, 22.1 mmol, 5 eq) is added and 
stirring continues for 15 minutes. After addition of water, the layers are separated. The 
aqueous layer is washed with DCM. The combined organic layers are washed with brine, 
dried over magnesium sulphate and the solvent is removed in vacuo. Purification using 
automated column chromatography (EtOAc/n-hexane, 20-50% gradient) gives 77 as a 
yellow oil (0.69 g, 64%). MW 245.32; C 15 H 19 N0 2 ; ! H NMR (CDCQ: LCMS: (6 min 
method) m/z 246.3 [M+H] + , RT 1.095min. 



Example 1H: Preparation of l-m'-biphenyll-I-yi-Z-morpholin-l-vlpropan-Z-ol 
hydrochloride (12) 

2-/7,7 '-Biphenyl]-2-yl-2-[4-(phenylmethyty (11) 




Compound 11 is prepared from 2-phenylbenzyl magnesium bromide (0.25M solution in 
diethyl ether, 5.5 ml, 1.38 mmol) and 3 (275 mg, 1.25 mmol) in anhydrous THF (7 ml) 
following General Procedure 2). 2-Phenylbenzyl magnesium bromide is obtained from 
commercially available (Aldrich) 2-phenylbenzyl bromide following General Procedure 
5. Further equivalents of 2-phenylbenzyl magnesium bromide (10 ml, 2.5 mmol) are 
added before quenching the reaction with ice water (7 ml). 11 is obtained as an oil in 75% 
purity after ion exchange (5 g column) chromatography and automated column 
chromatography (0-50% EtOAc/heptane gradient) and taken onto the next step without 
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further purification (0.23 mg isolated material). MW 387.53; CJE^NOy LCMS (6 minute 
method): m/z 388.2 [M+Hf , R.3.37 min. 

l-[l,r-Biphenyl]-2-yl-2-mopholin~2-ylpropan~2-ol hydrochloride (12) 



12 is obtained from 11 (204 mg, 0.53 mmol), a-chloroethyl chloroformate (0.23 ml, 2.11 
mmol) and polymer-supported Hunig's base (296 mg, 1.05 mmol) in DCM (5 ml) 
following General Procedure 3. Purification using ion exchange chromatography, 
followed by preparative LCMS and conversion into the hydrochloride salt following 
General Procedure 4 gives 12 as a foam (102 mg, 65%). MW 297.36; C 19 H 23 NO r HC1; *H 
NMR (CD 3 OD) 6 H 7.15-7.39 (8H, m), 7.07-7.11 (1H, m), 3.97 (1H, dd, 3.0 Hz, 13.0 Hz), 
3.56-3.65 (1H, m), 3.20-3.25 (1H, m), 3.08 (2H, t, 12.5 Hz), 2.82-2.99 (4H, m), 0.60 (3H, 
s). LCMS (12 minute method): m/z 298.2 [M+H] + , 1^4.38 min. 

Example 2H: Preparation of l-r5-fluoro-2"(methvloxv)phenvl1>2-m orpholin--2- 
vlbutan-2-ol hydrochloride (14) 

l-[5-Fluoro-2-(methyloxy)phenyl]-2-[4-(phenylniethyty^ 



bromide (2M solution in diethyl ether, 10 ml, 5.0 mmol) are added after 30 min and the 
mixture is warmed to room temperature and left to stir over night. After purification by 
ion exchange chromatography 13 is obtained as a yellow oil in 67% purity (702 mg). The 
compound is taken over to the next step without further purification. MW 373.47, 
C22H28FN03. LCMS (6 minute method) m/z 374.2 [M+H]\ R, 3.17 min. 





Compound 13 is obtained from 4 (583 mg, 2.5 mmol) and 2-methoxy-5-fluorobenzyl 
magnesium bromide (5.5 ml, 2.75 mmol, l.leq) in anhydrous THF (15 ml) following 
General Procedure 2. Further equivalents of 2-methoxy-5-fluorobenzyl magnesium 
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l'fS'FluorO'2-(methylo^)phenylJ-2'motpholin-2-ylbuian'2-o^ hydrochloride (14) 




14 is obtained from 13 (717 mg, 1.92 mmol), a-chloroethyl chlorofonnate (0.83 ml, 3.84 
mmol, 4eq) and polymer-supported Hiinig's base (L08 g, 3.84 mmol, 2eq) in DCM (17 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by preparative LCMS and conversion into the hydrochloride salt following 
General Procedure 4 gives 14 as a solid (185 mg, 30%). MW 319.81; C 15 H 22 FN0 3 .HC1. 
'H NMR (CD 3 OD) 8 H 6.94 (1H, dt, 1.5 Hz, 9 Hz), 6.81-6.84 (2H, m), 4.07 (1H, dd, 3.5, 
13 Hz), 3.67-3.76 (4H, m), 3.56 (1H, dd, 2.5 Hz, 11 Hz), 3.33 (1H, m), 3.14-3.25 (1H, 
m), 3.00-3.08 (2H, m), 2.84 (2H, AB, 14 Hz), 1.37-1.51 (1H, m), 1.05-1.19 (1H, m), 0.82 
(3H, t, 7.5 Hz). LCMS (12 minute method): m/z 284.1 [M-HC1+H] + , 1^3.76 min. 



Example 3H: Preparation of 2-morphoIin>2-vl-l>l2-f(trifluoromethvl)oxvl 
phenvllbutan-2-oI hydrochloride (16) 

2-[4-(Phenylmethyl)morpholin-2-yl]-l-{2-[tr^ (15) 



o 



0$ 



a" 



Compound 15 is obtained from 4 (1.1 mg, 4.71 mmol) and commercially available 
(Fluorochem) 2-trifluoromethoxy benzyl magnesium bromide (10.4 ml, 5.19 mmol, 
l.leq) in anhydrous THF (31 ml) following General Procedure 2. After 30 minutes 
further equivalents of 2-trifluoromethoxy benzyl magnesium bromide are added (0.5M 
solution in diethyl ether, 4.71 ml, 2.36 mmol). Purification by ion exchange 
chromatography gives 15 as an oil (1.88 g, 98%). MW 409.45; C 22 H 26 F 3 N0 3 . LCMS (6 
minute method): m/z 410.4 [M+H] + , R,,3.28 min. 
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2-Morpholin-2-yl-l-{2-[(trifluoromethyl)oxy^ hydrochloride (16) 




16 is obtained from 15 (1.88 g, 4.59 mmol), a-chloroethyl chloroformate (1.98 ml, 18.4 
mmol) and polder-supported Hiinig's base (2.58 g, 9.18 mmol) in DCM (40 ml) 
following General Procedure 3. Purification using ion exchange chromatography 
followed by automated column chromatography (0-20% MeOH/DCM gradient) and 
conversion to the hydrochloride salt following General Procedure 4 gives 16 (258.5 mg, 
17%) as a white solid. MW 319.33, C 15 H 20 F 3 NO 3 .HCl. *H NMR (CD 3 OD) 8 H 7.53 (1H, dd, 
2 Hz, 7.5 Hz), 7.27-7.38 (3H, m), 4.20 (1H, dd, 3.5 Hz, 13 Hz), 3.85 (1H, td, 3 Hz, 13 
Hz), 3.70 (1H, dd, 2 Hz, 11 Hz), 3.44 (1H, d, 13 Hz), 3.27-3.34 (1H, m), 3.12-3.22 (2H, 
m), 3.07 (1H, d, 14 Hz), 2.96 (1H, d, 14 Hz), 1.55 (1H, sextet, 7.5 Hz), 1.26 (1H, sextet, 
7.5 Hz), 0.93 (3H, t, 7.5 Hz). LCMS (12 minute method): m/z 320.4 [M+H] + , 1^2.77 
min. 



Example 4H: Preparation of 1-f U^biphenvn-2-vI-2-morpholin-2-vibutan-2-ol 
hydrochloride (18) 

1,1 >-Biphenyl]-2-yl-2-[4-(phenylmethyl)morphol^^^ (1 7) 




Compound 17 is obtained from 3 (601 mg, 2.58 mmol) and 2-phenylbenzyl magnesium 
bromide (0.25M solution in diethyl ether, 11.5 ml, 2.84 mmol) in anhydrous THF (15 ml) 
following General Procedure 2. 2-Phenylbenzyl magnesium bromide is prepared from 
commercially available (Aldrich) 2-phenylbenzyl bromide foDowing General Procedure 
5. Further equivalents of 2-phenylbenzyl magnesium bromide (10.32 ml, 2.58 mmol) are 
added. Purification by ion exchange chromatography followed by automated column 
chromatography (0-50% EtOAc/n-heptane, gradient) gives 17 (705 mg, 68%) as a 
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colourless oil in 91% purity which is directly used in the next step. MW 401.55, 
C 27 H 31 NO r LCMS (6 minute method): m/z 402.2 [M+H] + , R..3.56 min 
l-fl,l '-Biphenyl]-2-yl-2-morpholin-2-ylbutan-2-ol hydrochloride (18) 




5 



18 is obtained from 17 (705 mg, 1.76 mmol), a-chloroethyl chloroformate (0.76 ml, 7.02 



mmol) and polymer-supported Hunig's base (988 g, 3.52 mmol) in DCM (15 ml) 
following General Procedure 3. Purification by ion exchange chromatography followed 
by automated column chromatography (5-20% MeOH/DCM gradient) and conversion 
into the hydrochloride salt following General Procedure 4 gives 18 (0.37 g, 62%) as a 
1 0 yellow foam. MW 347.82, CJ^NO^HCl 'H NMR (CD 3 OD) 8 H 7.43-7.46 (1H, m), 7.29- 

7.34 (3H, m), 7.14-7.25 (5H, m), 7.06-7.11 (1H, m), 3.94 (1H, dd, 3.5 Hz, 13 Hz), 3.55- 
3.64 (1H, m), 3.37 (1H, dd, 1.5 Hz, 11 Hz), 3.09 (2H, d, 12.5 Hz), 2.80-2.99 (4H, m), 
1.11-1.23 (1H, m), 0.91 (1H, m), 0.38 (3H, t, 7.5 Hz). LCMS (12 minute method): m/z 
312.1 CM+H] + , Rr4.67 min. 



Example 5H: Preparation of l-f5-fluoro-2-(methvloxv)phenvll-3-methvl-2- 
morpholin-2-ylbutan-2-ol hydrochloride (20) 
l-[5-nuoro-2-(methyloty)phenyl]-3-methyl-2-[4-(phenylm&W 
(19) 



Compound 19 is obtained from 5 (0.7 g, 2.83 mmol) and 2-methoxy-5-fluoro-benzyl 
magnesium bromide (6.2 ml, 3.11 mmol, l.leq) in anhydrous THF (15 ml) following 
General Procedure 2. Further equivalents of 2-methoxy-5-fluoro-benzyl magnesium 
bromide (8.49 ml, 4.25 mmol) are added and mixture is wanned to room temperature and 
left to stir over night Purification using automated column chromatography (0-25% n- 



15 



20 
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heptane/EtOAc gradient) gives 19 (0.53 g, 48%). MW 387.5; C 23 H 30 FNO 3 . LCMS (6 
minute method): m/z 388.2 |M+H] + , Rj.3.21 min. 

l-[5-fluoro-2-(methyloxy)phenyl]-3-methyl-2-m hydrochloride (20) 



20 is obtained from 19 (523 mg, 1.35 mmol), a-chloroethyl chloroformate (0.58 ml, 5.40 
mmpl, 4eq) and PS-DIEA (0.76 g, 2.70 mmol, 2eq) in DCM (10 ml) foUowing General 
Procedure 4. Purification by ion exchange chromatography and conversion to the 
hydrochloride salt following General Procedure 4 gives 20 as an off-white solid (0.26g, 
58%). MW 333.83, C 16 ^ 4 FN0 3 . HC1. *H NMR (CD 3 OD) 8 H 7.10 (1H, d, 9.5 Hz), 6.94 
(2H, d, 6 Hz), 4.07 (1H, dd, 3.5 Hz, 13 Hz), 3.71-3.88 (5H, m), 3.21-3.47 (2H, m), 2.99- 
3.1 1 (4H, m), 1.8 (1H, septet, 7 Hz), 1.04 (3H, d, 7 Hz), 0.94 (3H, d, 7.0 Hz). LCMS (12 
minute method): m/z 298 [M-HC1+H] + , 4.29 min. 

Example 6H; Preparation of 3-methyM~[2-methvloxv>phcnvl1-2-morpholin-2- 
vlbutan-2-ol hydrochloride (22a, 22b) 

2-(4-Benzyl-nwrpholin-2-yl)-l-(2-methoyy-pheny^ (21) 



Compound 21 is obtained from 5 (1.5 g, 6.06 mmol) and 2-methoxy benzyl magnesium 
bromide (available from Rieke-Metals) (0.25M solution in THF, 33.9 ml, 8.49 mmol) in 
anhydrous THF (30 ml) following General Procedure I. Purification by column 
chromatography (0-40% EtOAc/n-heptane gradient) gives 21 as colourless oil (1.45 g, 
84%). MW 369.51, C 23 H 31 N0 3 .Ha. LCMS (6 minute method): m/z 370.2 [M+H]\ R,. 
2.77 min. 
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3-Methyl-l-[2-methyloxy)phenyl]-2-morphotin-2-ylbutan^ hydrochloride (22a, 22b) 



H OH 

22a,22b is obtained from 21 (1.24 mg, 3.37 mmol), a-chloroethyl chloroformate (3.63 
ml, 33.7 mmol) and polymer-supported Hunig's base (4.72 g, 16.8 mmol) in DCM (45 



followed by chiral preparative HPLC (Heptane:EtOH:DEA 85:15:0.2 gradient, chiralcel- 
OD) gives the first eluting enantiomer 22a (RT 9.5min), and the second eluting 
enantiomer 22b (RT 1 1.41min). The two enantiomers are converted to their respective 
hydrochloride salt 22a (146 mg) and 22b (138 mg) and obtained as white solids (28% 
overall combined yield). MW 315.84; C^H^O^HCl. l H NMR (CD 3 OD) 8 H 7.22-7.34 
(2H, m), 6.85-6.95 (2H, m), 4.08 (1H, dd, 3.6 12.8 Hz), 3.86-3.9 (4H, m), 3.77 (1H, td, 
2.45 Hz, 12.4 Hz), 3.22-3.28 (1H, m), 3.24 (1H, d, 12.8 Hz), 2.95-3.11 (4H, m), 1.83 (1H, 
septet, 6.8 Hz), 1.16 (3H, d, 7.0 Hz), 0.95 (3H, d, 7.0 Hz). LCMS (12 minute method): 
m/z 280.2 [M-HC1+HT, Rj.4.05 min. 

Example 7H: Preparation of l-r2-ethvloxv)phenvIl-3-methyl-2-morDholin-2- 
vlbutan-2-ol hydrochloride (24a, 24b) 

l-[2-Ethyloxy)phenyi]-3-methyl-2-l4^ (23) 



Compound 23 is obtained from 5 (1.5 g, 6-06 mmol) and 2-ethoxybenzyl magnesium 
chloride (available from Rieke-Metals) (0.25M solution in THF, 34 ml, 8.49 mmol) in 
anhydrous THF (30 ml) following General Procedure 2. After repeated purification by 
column chromatography (100% DCM to 10% MeOH/ DCM gradient followed by 100% 
DCM to 1:1 EtOAc: DCM gradient) 23 is obtained as colourless oil (0.8 g, 35%). MW 
383.54, C^EyNTC^. LCMS (6 minute method): m/z 384.4 [M+H] + , 1^3.04 min. 




ml) following General Procedure 3. Purification using ion exchange chromatography 
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l-[2-Ethyloxy)phenyl]-3-methyl-2-morpholin-2-ylbutan-2-ol hydrochloride (24a, 24b) 

H CIH 

24a, 24b are obtained from 23 (766 mg, 2.0 mmol), a-chloroethyl chloroformate (0.86 
ml, 8.0 mmol) and polymer-supported Hiinig's base (1.12 g, 4.0 mmol) in DCM (30 ml) 
following General Procedure 3. Purification using ion exchange chromatography 
followed by automated column chromatography (0-20% MeOH/ DCM gradient) and 
chiral preparative chromatography (Heptane:EtOH:DEA 95:5:0.2 gradient, chiracel AD) 
gives the first eluting enantiomer, R,. 13.40min, and the second eluting enantiomer, R,. 
15.63min. After conversion to their respective hydrochloride salt 24a (85 mg) and 24b 
(79 mg) are obtained as brown solids (28% combined yield). MW 293.36; 
C^.NO^.HCl. *H NMR (CD 3 OD) 8 H 7.06-7.09 (1H, m), 6.95-7.01 (1H, m), 6.66-6.75 
(2H, m), 3.80-3.92 (3H, m), 3.46-3.63 (2H, m), 2.96-3.15 (2H, m), 2.66-2.86 (4H, m), 
1.54-1.63 (1H, m), 1.22 (3H, t, 7.0 Hz), 0.82 (3H, d, 7.0 Hz), 0.71 (3H, d, 7.0 Hz). LCMS 
(12 minute method): m/z 294.2 [M+H] + , Rj.4.60 min. 

Example 8H: 3-Methvl-2Hmorpholin-2-vl-l-{2^ 
hydrochloride (26) 

3-Methyl-2-[4-(phenylmethyl)morpho^ 
ol(2S) 



c 

Compound 25 is obtained from 5 (953 mg, 3.85 mmol) and commercially available 
(Fluorochem) 2-trifluoromethoxy benzyl magnesium bromide (8.48 ml, 4.24 mmol, 
1.1 eq) in anhydrous THF (25 ml) following General Procedure 3 and addition of further 
2-trifluoromethoxy benzyl magnesium bromide (3.85 ml, 1.93 mmol). Purification by ion 
exchange chromatography gives 25 as a yellow oil in 86% purity which is used in the 
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next step without further purification (1.53 g of isolated material). MW 423.38; 
CJiJF^O r LCMS (6 minute method) m/z 424.1 [M+H]\ 3.53min. 
3-Methyl-2-morpholin-2-yl-l-{2-[(trty hydrochloride (26) 



26 is obtained from 25 (1.53 g, 3.61 mmol), a-chloroethyl chloroformate (1.55 ml, 14.5 
f mmol, 4eq) and polymer-supported Htinig's base (2.03 g, 7.23 mmol, 2eq) in DCM (30 
ml) following General Procedure 3. Purification by ion exchange chromatography, 
followed by automated column chromatography (0-20% MeOH/DCM gradient) and 
conversion to its hydrochloride salt following General Procedure 4 gives 26 as a yellow 
solid (0.4 g, 29%). MW 379.82; C 16 H 22 F 3 N0 3 .Ha. 'H NMR (CD 3 OD) S H 7.46 (1H, dd, 1.5 
Hz, 7.5 Hz), 7.14-7.24 (3H, m), 3.94 (1H, dd, 3.5 Hz, 13 Hz), 3.80 (1H, dd, 2.5 Hz, 11.5 
Hz) 3.69 (1H, td, 2.5 Hz, 13 Hz), 3.27 (1H, d, 13 Hz), 3.13 (1H, d, 12.5 Hz), 2.72-3.02 
(4H, m), 1.70 (1H, septet, 7 Hz), 0.94 (3H, d, 7 Hz), 0.84 (3H, d, 7.0 Hz). LCMS (12 
minute method): m/z 334.4 [M+H] + , Rj.2.94 min. 

Example 9H: Preparation of 1-fl J'-biphenvll^-vl-S-methvl^-morpholin-Z-vlbutan- 
2-ol hydrochloride (28) 

1-/1,1 9 -Biphenyl]-2-yl-3-methyl-2-[4-(phenylmethyl)m (27) 



Compound 27 is obtained from 5 (0.7 g, 2.83 mmol) and 2-phenylbenzyl magnesium 
bromide (12.5 ml, 3.11 mmol) in anhydrous THF (15 ml) following General Procedure 2 
and further equivalents of 2-phenylbenzyl magnesium bromide reagent (1 1.3 ml, 5.66 
mmol). 2-Phenylbenzyl magnesium bromide is prepared from commercially available 
(Aldrich) 2-phenylbenzyl bromide following General Procedure 5. Purification using 
ion exchange chromatography, followed by automated column chromatography (0-20% 





Ph. 
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EtOAc/n-heptane gradient) gives 27 as oil (0.46 g, 40%). MW 415.58; CJlJtOl. LCMS 
(6 minute method): m/z 416.2 [M+H] + , R^Sinm. 

9 -Biphenyl]-2-yl-3-methyl-2-morpholin-2-yto hydrochloride (28) 



28 is obtained from 27 (405 mg, 0.976 mmol), a-chloroethyl chloroformate (0.42 ml, 3.9 
mmol) and polymer-supported Hunig's base (0.55 g, 1.95 mmol) in DCM (7 ml) 
following General Procedure 3. The crude product is purified using ion exchange 
chromatography, and then converted to its hydrochloride salt following General 
Procedure 4 to give 28 as a white solid (0.23 g, 71%). MW 361.91; C 21 H 27 NO r Ha. *H 
NMR (CD 3 OD) 5 H 7.61-7.64 (1H, m), 7.19-7.47 (8H, m), 3.95 (1H, dd, 4 Hz, 13 Hz), 
3.61-3.71 (2H, m), 3.04- 3.19 (4H, m), 2.96 (1H, td, 4 Hz, 12.6 Hz), 2.70 (1H, dd, 13, 
11.5 Hz), 1.67 (1H, septet, 7 Hz), 0.75 (3H, d, 7 Hz), 0.63 (3H, d, 7 Hz). LCMS (12 
minute method): m/z 326.2 [M+H] + , 1^5.02 min. 

Example 10H: Preparation of l-f4-Fluorori.l ? -biphenvIl'-2-vlV3-methvl-2- 
morpholin-2-vIbutan-2-ol hydrochloride (3(T> 

hydrochloride (29) 



Compound 29 is obtained from 5 (1.13 g, 4.57 mmol) and 2-phenyl-5-fluorobenzyl 
magnesium bromide (0.5M in THF, 10.5 ml, 5.03 mmol) in anhydrous THF (30 ml) 
following General Procedure 2 (further 2-phenyl-5-fluorobenzyl magnesium bromide 
(0.33eq, 3 ml, 1.51 mmol) is added after 30 min). 2-Phenyl-5-fluorobenzyl magnesium 
bromide is obtained from 2-phenyl-5-fluorobenzyl bromide following General Procedure 
5. Purification by ion exchange chromatography followed by automated column 
chromatography (0-20% EtOAc/n-heptane gradient) gives 29 as a yellow oil in 86% 




CIH 
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purity which is directly used iri the next step (1.58 g recovered material). MW 415.58; 

C 28 H3 3 N0 2 . LCMS (6 minute method): m/z 434.5 [M+H] + , 1^3.71 min 

l-(4-Fluoro[l,l '-biphenyl]-2-yl)-3-methyl-2-morphottn-2-ylbutan-2-ol hydrochloride (30) 




30 is obtained from 29 (1.58 g, 3.63 mmol), a-chloroethyl chloroformate (1.57 ml, 3.63 
mmol) and polymer-supported Hunig's base (2.04 g, 7.26 mmol) in DCM (30 ml) 
following General Procedure 3. The crude product is purified using ion exchange 
chromatography, automated column chromatography (0-20% MeOH/ DCM gradient, 40 
g column), and preparative LCMS. Conversion to the hydrochloride salt following 
General Procedure 4 gives 30 as a yellow solid (0.3 g, 22%). MW 379.91; 
C 2I H 26 FN0 2 .HC1. 'H NMR (CD 3 OD) 8 H 7.20-7.35 (6H, m), 7.07-7.14 (1H, m), 6.90 (1H, 
td, 2.5 Hz, 8.5 Hz), 3.83 (1H, d, br, 10 Hz), 3.56 (2H, t, 10 Hz), 3.03-3.12 (2H, m), 2.79- 
2.98 (3H, m), 2.63 (1H, t, 1 1.5 Hz), 1.55 (1H, quintet, 7 Hz), 0.64 (3H, d, 7 Hz), 0.51 
(3H, d, 7 Hz). LCMS (12 minute method): m/z 344.1 [M-HC1+H] + , R..5.14 min. 

Example 11H; Preparation of l-r5-fluoro-2-(methvloxv)phenvll-4-methvl-2- 
morphoIin-2-vl-pentan-2-ol hydrochloride (32> 

l-[5-Fluoro-2-(methyloxy)phenyl]^-methyl-2-[4-(phenylmethyl)morp^ 
ol(31) 

I 




Compound 31 is obtained from 6 (465 mg, 1.78 mmol) and 2-methoxy-5-fluorobenzyl 
magnesium bromide (3.92 ml, 1.96 mmol, l.leq) in dry THF (10 ml) following General 
Procedure 2. Purification by ion exchange chromatography followed by automated 
column chromatography (0-40% EtOAc/n-heptane gradient) gives 31 as an oil (448 mg, 
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83% purity). MW 401.53; C 24 H 32 FN0 3 . LCMS (6 minute method): m/z 402.2 [M+H] + , R,. 
3.40 min. 



l-[5-Fluoro-2-(methyloxy)phenyl]^-methyl-2-morphofa 



32 is obtained from 31 (448 mg, 1.12 mmol), a-chloroethyl chloroformate (0.48 ml, 4.47 
mmol, 4eq) and polymer-supported Hiinig's base (628 g, 2.23 mmol, 2eq) in DCM (10 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by preparative LCMS and conversion to its hydrochloride salt following 
General Procedure 4 gives 32 as a white solid (0.1 1 g, 32%). MW 347.72; C 17 HJFN0 3 . 
HCL J H NMR (CD 3 OD) 8 H 7.05-7.08 (1H, m), 6.95-6.98 (2H, m), 4.16 (1H, dd, 3 Hz, 
12.5 Hz), 3.75- 3.86 (4H, m), 3.67 (1H, d, 10.5 Hz), 3.51 (1H, d, 12 Hz), 3.25-3.29 (1H, 
m), 3.07-3.20 (2H, m), 2.94 (2H, AB, 14 Hz), 1.86-1.9 (1H, m), 1.53 (1H, dd, 5.5 Hz, 
14.5 Hz), 1.13 (1H, dd, 14.5 Hz, 5.5 Hz), 0.94 (3H, d, 2.5 Hz), 0.92 (3H, d, 2.5 Hz). 
LCMS (12 minute method): m/z 312.1 [M-HC1+H] + , R,. 4.61 min. 

Example 12H: Preparation of l-r2-(ethvloxv>phenvll-4-methvl-2-morphoiin"2- 
ylpentan-2-ol (34a, 34b) 

l-[2-(Ethyloxy)phenylJ^-methyl-2-[4-(phenylmeth^ (33) 



Compound 33 is obtained from 6 (3.0 g, 11.5 mmol) and 2-ethoxybenzyl magnesium 
chloride (available from Reike Metals) (0.25M in diethyl ether, 50.5 ml, 12.6 mmol) in 
anhydrous THF (55 ml) following General Procedure 2. Another two equivalents of 2- 
ethoxybenzyl magnesium chloride (92 ml, 23 mmol) are added after 30 min. Purification 
by automated column chromatography (0-25% EtOAc/n-heptane gradient) gives 33 (3.21 



(32) 




CIH 
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g) as a colourless oil in 86% purity as a mixture of diastereomers. MW 397.56; 
CJlJXO r LCMS (6 minute method): m/z 398.3 [M+H] + , R,.3.42 & 3.60 min. 
l-[2-(Ethyloxy)phenyl]-4-methyl-2-morpholin-2-ylpentan-2-ol (34a, 34b) 




BO. 



34a, 34b is obtained from 33 (3.20 mg, 8.06 mmol), a-chloroethyl chloroformate (3.48 
ml, 32.2 mmol) and polymer-supported Hunig's base (4.53 g, 16.1 mmol) in DCM (100 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by automated column chromatography (5-40% MeOH/ DCM gradient), and 
preparative LCMS (gradient) gives 34a, 34b. Chiral preparative chromatography 
(Heptane:EtOH:DEA 60:40:0.2 gradient, chiralcel-OD) afforded the first eluting 
enantiomer 34a (13 mg) (RT 8.25 min), and the second eluting enantiomer 34b (RT 
10.17 min) as colourless oils. MW 307.44; C^gHjjNCv X H NMR (CDC1 3 ) 8 H 7.16-7.22 
(2H, m), 6.84-6.93 (2H, m), 3.97-4.17 (2H, m), 3.90 (1H, dd, 3 Hz, 11 Hz), 3.53 (1H, td, 
3 Hz, 11 Hz), 3.37 (1H, dd, 2 Hz, 10 Hz), 3.18 (1H, d, 12 Hz), 3.04 (1H, d, 14 Hz), 2.74- 
2.91 (4H, m), 1.89 (1H, septet, 6 Hz), 1.52 (1H, dd, 5.5 Hz, 14 Hz), 1.44 (3H, t, 7 Hz), 
1.11 (1H, dd, 6 Hz, 14 Hz), 0.93 (3H, d, 7 Hz), 0.90 (3H, d, 7 Hz). LCMS (12 minute 
method): m/z 308.2 [M-HC1+H] + , 1^4.92 min. 

Example 13H: Preparation of 4-methvl-2-morDholin-2-vl-l-(2rtrifln oromethvn 
oxvlphenyHpentan-2-ol hydrochloride (36) 
4-MethyU2-[4-(phenylmethyl)nwrpholin-2-yl]-l-2[trifl 



Compound 35 is prepared from 6 (0.83 g, 3.19 mmol) and commercially available 
(Fluorochem) 2-trifluoromethoxy benzyl magnesium bromide (0.5M solution in THF, 



(35) 
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7.02 ml, 3.51 mmol, l.leq) in anhydrous THF (21 ml) following General Procedure 2. 
Further equivalents (3.19 ml, 1.60 mmol) of 2-txifiuoromethoxy benzyl magnesium 
bromide are added after 30 min. Purification by ion exchange chromatography gives 35 
as yellow oil (1.39 g, 99.5%). MW 437.51; CJ^^O y LCMS (6 minute method): m/z 
438.1 [M+H] + , Rj.3.70 min. 

4-Methyl-2-morpholin-2-yl-l-{2[triflM hydrochloride 
(36) 




CIH 



36 is obtained from 35 (1.39 g, 3.18 mmol), a-chloroethyl chloroformate (1.37 ml, 12.7 
mmol, 4eq), and polymer-supported Hiinig's base (1.79 g, 6.36 mmol, 2eq) in DCM (25 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by preparative LCMS (gradient) and conversion into the hydrochloride salt 
following General Procedure 4 gives 36 (0.16 g, 14%) as foam. MW 383.82; 
C 17 H 24 F 3 N0 3 .HC1. l H NMR (CD 3 OD) 8 H 7.43 (1H, d, 7 Hz), 7.16-7.27 (3H, m), 4.05 (1H, 
dd, 3 Hz, 13 Hz), 3.58-3.74 (2H, m), 3.35-3.40 (1H, m), 3.23- 3.14 (1H, m), 2.97-3.10 
(3H, m), 2.76 (1H, d, 14 Hz), 1.75 (1H, septet, 6.5 Hz), 1.42 (1H, dd, 6 Hz, 14.5 Hz), 
0.98-1.11 (1H, m) 0.83 (3H, d, 6 Hz), 0.81 (3H, d, 6 Hz). LCMS (12 minute method): 
m/z 348.4 [M-HC1+HT, ^3.15 min. 

Example 14H: Preparation of l-riq'-Biphenvll-l-vl^methvl-l-morpholin-l- 
vIpentan-2-ol hydrochloride (38) 

2-(4-Benzyl-nwrphoRn-2-yl)-l-biphenyl-2-yl-4-m (37a, 37b) 




Compound 37 is prepared from 6 (2.5 g, 9.56 mmol) and 2-phenylbenzyl magnesium 
bromide (0.25M sol., 42.1 ml, .10.5 mmol, 1.1 eq) in anhydrous THF (21 ml) following 
General Procedure 2. 2-Phenylbenzyl magnesium bromide is prepared from 
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commercially available (Aldrich) 2-phenylbenzyl bromide following General Procedure 
5. Another 3 equivalents of 2-phenylbenzyl magnesium bromide are added to drive the 
reaction to completion. Purification by automated column chromatography (0-25%, 
EtOAc/n-heptane, gradient) gives 37 (2.07g, 50%) which is used in the next step without 
further purification. MW 429.61 ; G^H^C^. FIA: m/z 430 [M+H]\ 
l-[l,r-Biphenyl]-2-yl-4-methyl-2-moiyholm^ (38a, 38b) 

B 

Compound 38 is obtained from 37 (2.07 g, 4.81 mmol), a-chloroethyl chloroformate 
(2.08 ml, 19.3 mmol) and polymer-supported Hiinig's base (2.7 g, 9.6 mmol) in DCM (60 
ml) following General Procedure 3. Purification by ion exchange chromatography, 
crystallization from MeOH/diethyl ether gives 38 as a white solid (738 mg, 45%). MW 
339.48; CJi^NO r ! H NMR (CDC1 3 ) 8 H 7.29-7 .46 (8H, m), 7.23-7.28 (1H, m), 3.79-3.91 
(2H, m), 3.66 (1H, dd, 10.9 Hz, 1.7 Hz), 3.18 (2H, dd, 12.8 Hz, 25.8 Hz), 2.84-3.04 (3H, 
m), 2.75 (1H, t, 11.5 Hz), 1.56-1.68 (1H, m), 1.22 (1H, dd, 5.65 Hz, 14.7 Hz), 0.98 (1H, 
dd, 5.65 Hz, 14.7 Hz), 0.81 (3H, d, 3.2 Hz), 0.78 (3H, d, 3.0 Hz). LCMS (12 minute 
method): m/z 340.3 [M+H] + , R r 5.62min. 

Phenylmethyl-2-[l,l '-biphenyl]-2-ylmethyl)-l-hydroxy-3-methylbttiyl] morpholine-4- 
carboxylate (cbz-38a, cbz-38b) 




Benzyl chloroformate (0.37 ml, 2.61 mmol) is added to a stirring mixture of 38a,38b 
(738 mg, 2.17 mmol) with NaHC0 3 (0.41 g) in a suspension of diethylether and water (24 
ml) under N 2 at room temperature. After lhour the reaction is quenched with ice water 
(15 ml) and diluted with DCM. The two phases are separated, the aqueous phase is 
further extracted DCM, the combined organic fractions are dried over magnesium 
sulphate, filtered and evaporated in vacuo. The isolated oil is purified using automated 
column chromatography (0-30% EtOAc/n-heptane gradient) followed by chiral 
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preparative chromatography (Heptane:EtOH:DEA 35:65:0.2 gradient, chiracel AD-H) to 
give the first eluting enantiomer, cbz-38a (RT 2.61 min), and the second eluting 



5 



enantiomer, cbz-38b (RT 2.99 min), both as a colourless oil. MW 473.62; C^^O^ 
LCMS (6 minute method): m/z 456.3 [M-Hp+H]* and 496.2 [M+Na] + ; R T 5.34min. 
l-[l,l , 'Biphenyl]-2'yU4^methyl'2'morpholin'2'ylpentan'2'0^ hydrochloride (38a) 




Ph. 



CIH 



10 



Palladium on carbon (10% weight) (0.4 g) is added to a stirring solution of cbz-38a (0.39 
g, 0.84 mmol) with ammonium formate (0.53 g, 8.4 mmol) in ethanol (10 ml) at room 
temperature under nitrogen. The heterogeneous mixture is heated to reflux for 30 
minutes, allowed to cool to room temperature and then filtered through a Celite pad. The 



filtrate is concentrated in vacuo, purified by ion exchange chromatography and then 
converted to the hydrochloride salt following General Procedure 4 to give 38a (0.25 g, 
79%) as a yellow solid. MW 375.94; C 22 H 29 NO r HCL *H NMR (CD 3 OD) 8 H 7.48 (1H, bs), 
7.11-7.33 (8H, m), 3.87(1H, bs), 3.37-3.57 (2H, m), 3.25 (1H, s), 2.77-3.10 (5H, m), 1.54 
15 (1H, s, br), 1.07-1.19 (1H, m), 0.93-1.00 (1H, m), 0.72 (3H, d, 6 Hz), 0.69 (3H, d, 6 Hz). 

LCMS (12 minute method): m/z 340.2 [M+H] + , R^SOmin. 

Example 15H: Preparation of l-(4-fluoro[ia^biphenvll-2-vn-4>methvl>2- 
morphoIin-2-vlpentan-2-ol hydrochloride (40) 

2 0 l-(4-Fliwro[l,l *-biphenylJ-2-yl^-tnethyl-2-[4-(phenylmet^^^ 



(39) 




25 



Compound 39 is prepared from 6 (0.95 g, 3.65 mmol) and 2-phenyl-5-fluoro benzyl 
magnesium bromide (0.5 M solution in diethyl ether, 1.2 eq) following General 
Procedure 2. 2-Phenyl-5-fluorobenzyl magnesium bromide is obtained from 2-phenyl-5- 
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fluorobenzyl bromide following General Procedure 5. Excess 2-phenyl-5-fluoro benzyl 
magnesium bromide is subsequently added at room temperature and the reaction left 
stirring for 1 hour. Purification by flash column chromatography (EtOAc/cyclohexane 50 
to 50%, gradient) gives 39 as a viscous oil (1.31 g, 80%). MW 447.60; C 29 H 34 FNO i 
5 LCMS: (6 minute method) m/z 448 [M+H]\ K 3 -88 min. 

l-(4-Fluoro[l 9 V-biphenyl]-2-yl)^-methyl-2-mo^^ hydrochloride (40) 




H H-CI 



40 is prepared from 39 (1.31 g, 2.92 mmol), a-chloroethyl chloroformate (0.9 ml) and 
solid supported Hunig's base (1.64 g) in anhydrous DCM (30 ml) following General 

1 0 Procedure 3. Purification by ion exchange ion exchange chromatography gives the free 

base of 40 as a viscous oil (0.71 g, 62%). After further purification using UV-guided 
preparative LCMS, the hydrochloride salt 40 (0.451 g, 39 %) is obtained following 
General Procedure 4. MW 393.95; C 22 H 2a FN0 2 . HC1; *H NMR (DMSO-d^: 9.16 (1H, s), 
8.98 (1H, s), 7.44-7.32 (4H, m), 7.23-7.06 (4H, m), 3.83 (1H, dd, 12 Hz, 3 Hz), 3.59-3.50 

15 (3H, m), 3.18 (1H, d, 12.5 Hz), 3.08 (1H, d, 12.5 Hz), 2.92-2.67 (4H, m), 1.54-1.40 (1H, 

m), 1.03 (1H, dd, 14.5 Hz, 5 Hz), 0.88 (1H, dd, 14.5 Hz, 6.5 Hz), 0.74 (3H, d, 6.5 Hz), 
0.67 (3H, d, 6.5 Hz); LCMS: (12 min method) m/z 358 [M-HC1+H]* 1^5.47 min. 

Example 16H: Preparation of l-cvclopentvl-2-r5-flttoro>2-(methvloxv^phenvll-l- 
20 morpholip-2-vlethanol hydrochloride (42^ 

l^yclopentyl-2-[5-fliwro-2-(methyloxy)phenytf^^ morpholin-2- 
yljethanol (41) 




25 



Compound 41 is obtained from 7 (0.7 g, 2.56 mmol) and 2-methoxy-5-fluorobenzyl 
magnesium bromide (5.63 ml, 2.82 mmol l.leq) in anhydrous THF (15 ml) following 
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General Procedure 2. Further equivalents of 2-methoxy-5-fluorobenzyl magnesium 
bromide (8.49 ml, 4.25 mmol) are added. Purification by ion exchange chromatography 
gives 41 as a yellow oil (843 mg, 62% purity). MW 413.54; C 25 H 32 FNO r LCMS (6 
minute method): m/z 414.2 [M+H] + @ Rj. 4.11 min. 
5 l-Cyclopentyl-2-[5-fluoro-2-(methyloxy)phenyl]-l-mo^ 
(42) 




The free base of 42 is obtained from 41 (0.84 g, 2.04 mmol), a-chloroethyl 
chloroformate (0.88 ml, 8.16 mmol, 4eq) and polymer-supported Hiinig's base (1.15 g, 

10 4.08 mmol, 2eq) in DCM (15 ml) following General Procedure 3. Purification by ion 

exchange chromatography, followed by automated chromatography (5-20% DCM/MeOH 
gradient) and preparative LCMS and conversion into the hydrochloride salt following 
General Procedure 4 gives 42 as a colourless gum (0.18 g, 14.1%). MW 359.82; 
CAFNO3.HCI. *H NMR (CD3OD) 5 H 7.11-7.14 (1H, m), 6.95-6.97 (2H, m), 4.07-4.15 

15 (1H, m), 3.67-3.75 (2H, m), 3.43 (1H, d, 12 Hz), 3.23 (3H, s), 3.22 (1H, d, 12 Hz), 2.92- 

3.10 (4H, m), 2.13-2.19 (1H, m), 1.42-1.73 (8H, m). LCMS (12 minute method): m/z 
324.1 [M-HC1+HT, RT4.83min. 

Example 17H: Preparation of l"Cyclopentvl-2-r2"(ethvIoxv)phenvll-l-morpholin-2- 
20 ylethanol hydrochloride (44) 

l-Cyclopentyl-2-[2-(ethyloxy)phenyl]-l-[4-(phenylm^ 



25 



Compound 43 is obtained from 7 (2.09 g, 7.68 mmol) and 2-ethyloxy benzyl magnesium 
bromide (available from Reike Metals) (0.25 M solution in diethyl ether, 1.1 eq) 
following General Procedure 2. Purification by preparative LCMS followed by 
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preparative LCMS gives 43 as viscous oil (0.691 g, 22 %). MW 409.57; CJH^NOj; 
LCMS: (6 min method) m/z 410 [M+H]\ Rt 3.8min. 

l-Cyclopentyl-2-[2-(ethyloxy)phenyl]-l-morpholi^^ hydrochloride (44) 



The free base of 44 is obtained from 43 (0.691 g, 1.69 mmol), a-chloroethyl 
chloroformate (0.80 ml) and solid supported Hunig's base (0.95 g) in anhydrous DCM 
following General Procedure 3. Purification by ion exchange and conversion into its 
hydrochloride salt following General Procedure 4 gives 44 (0.39 g, 65%) MW 355.91; 
C 19 H 29 N0 3 .HC1; l H NMR (CD 3 OD): 7.12-7.22 (2H, m), 6.82-6.88 (2H, m), 4.09-4.16 (3H, 
m), 3.69-3.80 (2H, m), 2.80-3.29 (6H, m), 2.04-2.10 (1H, m), 1.53-1.73 (11H, m); 
LCMS: (12 min method) m/z 320 [M-HC1+H] + , Rt 5.03 min. 

Example 18H: Preparation of l-Cvclopentvl-l-morpholin-2-yl-2-l2-ftrifluoro 
methvDoxvl phenyl} ethanol hydrochloride (46) 

l^clopentyl-2-[5-fluoro-2-(methyloxy)phenyl]-l-[4-^^ morpholin-2- 
yljethanol (45) 



Compound 45 is obtained from 7 (0.6 g, 2.19 mmol) and commercially available 
(Fluorochem) 2-trifluoromethoxy-benzyl magnesium bromide (0.5M sol in diethylether, 
4.8 ml, 2.41, mmol, 1.1 eq) in anhydrous THF (15 ml) following General Procedure 2. 
After addition of another 2 equivalents of 2-trifluoromethoxy-benzyl magnesium bromide 
and stirring for 2 hours at 0°C purification by ion exchange chromatography gives 45 
(0.89g, 90%). MW 449.52; C^Hs^NC^. LCMS (6 minute method): m/z 450.2 [M+Hf, 
R, 4.084 min. 
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l-Cyclopentyl-l-morpholin-2-yl~2-{2-[(trifluor^ ethanol hydrochloride 

(46) 



The free base of 46 is obtained from 45 (886 mg, 1.97 mmol), a-chloroethyl 
chloroformate (0.85 ml, 7.9 mmol, 4eq) and polymer-supported Hiinig's base (1.11 g, 
3.94 mmol, 2eq) in DCM (15 ml) following General Procedure 3. Purification by ion 
exchange chromatography followed by preparative LCMS (gradient) and conversion to 
its hydrochloride salt following General Procedure 4 gives 46 as a gum (140 mg, 20%). 
MW 359.36; C 18 H 24 F 3 N0 3 .Ha. *H NMR (CD 3 OD) 8 H 7.48-7.50 (1H, m), 7.14-7.25 (3H, 
m), 3.97 (1H, dd, 2.3 Hz, 12.5 Hz), 3.60-3.68 (2H, m), 3.27-3.31 (1H, m), 3.03 (2H, AB, 
12.5 Hz), 2.73-2.97 (3H, m), 2.00-2.11 (1H, m), 1.30-1.63 (8H, m). LCMS (12 minute 
method): m/z 360.14 |M-HC1+H] + , RyS.14 min. 



Example 19H: Preparation of 2-ri,l > -biphenvll-2-vl-l-cvclopeiitvl-l-morpholin-2- 
vlethanol hydrochloride (48) 

2-[l,l 9 -Biphenyl]-2-yl-l^clopentyl-l-[4-(phenylmethyty (47a,47b) 



Compound 47 is prepared from 7 (1.27 g, 4.65 mmol) and 2-phenylbenzyl magnesium 
bromide (0.25 M solution in diethyl ether, 1.1 eq) following General Procedure 2. 2- 
Phenylbenzyl magnesium bromide is prepared from commercially available (Aldrich) 2- 
phenylbenzyl bromide following General Procedure 5. Purification by flash column 
chromatography (eluent: cyclohexane/ethyl acetate/ 90/10 [v/v]) gives 47a,47b as viscous 
oil (1.75 g). 47a,47b is taken onto the next step without further purification. MW 441.62; 
CJiJ*O r LCMS: (6 min method) m/z 442 [M+H] + , Kg 3.51 min. 

2-[l,r-Biphenyl]-2-yl-l-cyclopentyLl-morpholin^ hydrochloride (48a,48b) 
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'CIH 



The free base of 48a, 48b is prepared from 47a, 47b (1.75 g, 3.95 mmol), solid supported 
Hunig's base (2.22 g) and a-cbloroethyl cbloroformate (1.62 ml) in anhydrous DCM (30 
ml) following General Procedure 3. Purification by ion exchange chromatography 
followed by flash column chromatography (eluent: methanol/DCM 1/99 to 20/80 
gradient) gives the free base as a viscous oil (805 mg, 58 %) which is converted into 48a, 
48b following General Procedure 4. MW 387.95; C^H^C^.HCl; 'H NMR (CD 3 OD): 
7.66-7.40 (1H, m) 7.19-7.47 (8H, m), 3.92 (1H, dd, 13 Hz, 3.5 Hz), 3.59-3.67 (2H, m), 
3.05-3.16 (4H, m), 2.93 (1H, td, 13 Hz, 3.5 Hz,), 2.59 (1H, t, 12 Hz), 1.98-1.88 (1H, m), 
1.55-1.19 (8H, m). LCMS: (12 min method) m/z 351 [M-HC1+H] + , R, 5.68 min. 

Example 20H: Prepa ration of l-cvcloDentvl-2-(4-fluorori.l , -biDhenvll-2-vn-l- 
morpholin-2-vlethanol hydrochloride (50> 

l^yclopentyl-2-(4ifluoro[l,V-biphenyl]-2-yl)-l-[4-(phenyl^ 
hydrochloride (49) 




Compound 49 is obtained from 7 (0.9 g, 3.29 mmol) and 2-phenyl-5-fiuorobenzyl 
magnesium bromide (0.5M solution in THF, 7.24 ml, 3.62 mmol) in anhydrous THF (20 
ml) following General Procedure 2. 2-Phenyl-5-fluorobenzyl magnesium bromide is 
prepared from 2-phenyl-5-fluorobenzyl bromide following General Procedure 5. Further 
2-phenyl-5-fluorobenzyl magnesium bromide is added after 30 min (0.3eq, 2 ml, 0.99 
mmol). Purification by ion exchange chromatography followed by automated column 
chromatography (0-20% EtOAc/n-heptane gradient, 40 g) gives 49 (1.26 g, 83%) as a 
colourless liquid. MW 459.61; C^FNO,. LCMS (6 minute method): m/z 460.5 
[M+Hf , R^^Smin. 
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l-Cyclopentyl-2-(4-Jluoro[l,l *-biphenyl]-2-yl)-l-morpholin-2-ylethanol hydrochloride (50) 



mmol) in DCM (25 ml) following General Procedure 3. Purification by ion exchange 



gradient) and conversion to its hydrochloride salt gives 50 as a yellow solid (0.23 g, 
23%). MW 405.94; C^HJ^.HCl. l U NMR (CD 3 OD) 5 H 7.20-7.37 (6H, m), 7.08-7.13 
(1H, m), 6.91 (1H, td, 3.5 Hz, 8.5 Hz), 3.80 (1H, dd, 3.5 Hz, 13.0 Hz), 3.42-3.54 (2H, m), 
2.99-3.06 (2H, m), 2.93 (2H, s), 2.83 (1H, td, 4.0 Hz, 12.5 Hz), 2.53 (1H, t, 12.0 Hz), 
1.73-1.85 (1H, m), 1.12-1.44 (8H, m). LCMS (12 minute method): m/z 370.2 [M- 
HCl+m^S^inin. 

Example 21H: Preparation of 2"r5-flporo-2-methvloxv^phenvlVl-morpholin-2"Vl"l- 
tetrahvdro-2H-pyran-4-ylethanol hydrochloride (52) 
2-[5-Fluoro-2-(methyloxy)phenyl]-l-[4-(phenyto 
pyran-4-ylethanol (51) 



Compound 51 is obtained from 8 (0.6 g, 2.07 mmol) and 2-methoxy-5-fluorobenzyl 
magnesium bromide (4.6 ml, 2.28 mmol, l.leq) in anhydrous THF (15 ml) following 
General Procedure 2. Further equivalents of 2-methoxy-5-fluorobenzyl magnesium 
bromide (8.28 ml, 4.14 mmol) are added and the mixture is warmed to room temperature 
and left stirring over night. Purification by ion exchange chromatography followed by 
automated chromatography (10-70% n-heptane/EtOAc gradient) gives 51 as a colourless 
oil (375 mg, 42%). MW 429.54, C 25 H 32 FN0 4 . LCMS (6 minute method): m/z 430.2 
[M+H] + ,R r 3.12min. 




The free base of 50 is obtained from 49 (1.26 mg, 2.73 mmol), a-chloroethyl 
chloroformate (1.18 ml, 10.9 mmol) and polymer-supported Hunig's base (1.54 g, 5.47 



chromatography followed by automated column chromatography (0-20% MeOH/ DCM 
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2-[5-Fluoro-2-methyloxy)phenyl]-l-morpholin-2-yl^^ 
hydrochloride (52) 



The free base of 52 is obtained from 51 (0.31 g, 0.73 mmol), a-chloroethyl 
chloroformate (0.31 ml, 2.9 mmol) and polymer-supported Hunig's base (0.41 g, 1.45 
mmol) in DCM (7 ml) following General Procedure 3. Purification by ion exchange 
chromatography and conversion to the hydrochloride salt following General Procedure 4 
gives 52 as a white solid (0.19 g, 77%). MW 375.82; C^FNO^HCl. *H NMR (CD 3 OD) 
5 H 6.98-7.01 (1H, m), 6.83-6.86 (2H, m), 3.99 (lH,dd, 3.5 Hz, 13 Hz), 3.82- 3.87 (2H, 
m), 3.63-3.73 (5H, m), 3.12-3.33 (4H, m), 2.91-3.02 (2H, m), 2.81 (2H, AB, 14 Hz), 
1.31-1.73 (5H, m). LCMS (12 minute method): m/z 340.2 [M-HC1+H]\ R, 3.78 min. 

Example 22H: Preparation of l-morpholin-2-vl-l-tetrahvdro-2H-pyran-4-vl-2-(2- 
KtrifluoromethvUoxvl phenyllethanol hydrochloride (54) 
l-[4~(Phenylmethyl)morpholin-2-yl]-l-l-tetrahydro-2H^ 
[(trifluoromethyl)oxy]phenyl}ethanol (53) 



Compound 53 is obtained from 8 (0.61 g, 2.11 mmol) and commercially available 
(Fluorochem) 2-trifluoromethoxy benzyl magnesium bromide (4.6 ml, 2.32 mmol, l.leq) 
in anhydrous THF (15 ml) following General Procedure 2. A further half equivalent of 2- 
trifluoromethoxy benzyl magnesium bromide (4.22 ml, 2.11 mmol) is added. Purification 
by ion exchange chromatography gives 53 as an oil of 88% purity (1.39 g isolated 
material) which is directly used in the next step. MW 465.52; C 25 H 3 ^ 3 N0 4 . LCMS (6 
minute method): m/z 466.2 [M+H] + , Rj.3.67 min. 
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l-Moryholin-2-yl-l-tetrahydro-2H-pyra^ 
hydrochloride (54) 




The free base of 54 is obtained from 53 (0.27 g, 0.57 mmol), a-chloroethyl 
chloroformate (0.25 ml, 2.30 mmol, 4eq) and polymer-supported Hunig's base (0.32 g, 
1.15 mmol, 2eq) in DCM (5 ml) following General Procedure 3. Purification by ion 
exchange chromatography followed by preparative LCMS (gradient) and conversion to 
the hydrochloride salt following General Procedure 4 gives 54 as white solid (82 mg, 
17%). MW'411.85; C 18 H 34 F 3 N0 4 .HC1. 'H NMR (CD 3 OD) 8 H 7.45-7.48 (1H, m), 7.16-7.27 
(3H, m), 3.98 (1H, dd, 4.0 Hz, 13 Hz), 3.65-3.88 (4H, m), 3.12-3.31 (4H, m), 2.87-3.01 
(4H, m), 1.30-1.68 (5H, m). LCMS (12 minute method): m/z 376.1 [M+H] + , 1^4.28 min. 

The pharmacological profile of the compounds of Formulae (IA), (IB), (IC), (ID), 
(EE), (IF), (IG) and (IH) can be demonstrated as follows. The preferred exemplified 
compounds above exhibit a Kj value less than ljitm, more preferably less than 500nM at the 
norepinephrine transporter as determined using the scintillation proximity assay described 
below. Furthermore, the preferred exemplified compounds above selectively inhibit the 
norepinephrine transporter relative to the serotonin and dopamine transporters by a factor of 
at least five using the scintillation proximity assays as described below. 

Generation of stable cell-lines expressing the human dopamine, norepinephrine and 
serotonin transporters 

Standard molecular cloning techniques are used to generate stable cell-lines 
expressing the human dopamine, norepinephrine, and serotonin transporters. The polymerase 
chain reaction (PCR) was used in order to isolate and amplify each of the three full-length 
cDNAs from an appropriate cDNA library. Primers for PCR were designed using the 
following published sequence data: 
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Human dopamine transporter: GenBank M95167. Reference: Vandenbergh DJ, 
Persico AM and Uhl GR. A human dopamine transporter cDNA predicts reduced 
glycosylation, displays a novel repetitive element and provides racially-dimorphic TaqI 
RFLPs. Molecular Brain Research (1992) Volume 15, pages 161-166. 

Human norepinephrine transporter: GenBank M65105. Reference: Pacholczyk T, 
Blakely, RD and Amara SG. Expression cloning of a cocaine- and antidepressant-sensitive 
human noradrenaline transporter. Nature (1991) Volume 350, pages 350-354. 

Human serotonin transporter: GenBank L05568. Reference: Ramamoorthy S, Bauman 
AL, Moore KR, Han H, Yang-Feng T, Chang AS, Ganapathy V and Blakely RD. 
Antidepressant- and cocaine-sensitivehuman serotonin transporter: Molecular cloning, 
expression, and chromosomal localization Proceedings of the National Academy of Sciences 
of the USA (1993) Volume 90, pages 2542-2546. 

The PCR products are cloned into a mammalian expression vector (e.g., pcDNA3.1 
(Invitrogen)) using standard ligation techniques. The constructs are then used to stably 
transfect HEK293 cells using a commercially available lipofection reagent (Lipofectamine™ 
— Invitrogen) following the manufacturer's protocol. 

Scintillation proximity assays for determining the affinity of test Ugands at the 
norepinephrine transporter 

The compounds of use in the present invention are norepinephrine reuptake inhibitors, 
and possess excellent activity in, for example, a scintillation proximity assay (e.g., J. Gobel, 
D.L. Saussy and A. Goetz, J. Pharmacol Toxicol. (1999) 42:237-244). Thus, 3 H-nisoxetine 
binding to norepinephrine re-uptake sites in a cell line transfected with DNA encoding human 
norepinephrine transporter binding protein has been used to determine the affinity of Ugands 
at the norepinephrine transporter. 

Membrane Preparation: 

Cell pastes from large scale production of HEK-293 cells expressing cloned 
human norepinephrine transporters were homogenized in 4 volumes 50mM Tris-HCl 
containing 300mM NaCl and 5mM KC1, pH 7.4. The homogenate was centrifuged twice 
(40,000g, lOmin, 4°C) with pellet re-suspension in 4 volumes of Tris-HCl buffer 
containing the above reagents after the first spin and 8 volumes after the second spin. 
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The suspended homogenate was centrifuged (lOOg, lOmin, 4°C) and the supernatant kept 
and re-centrifuged (40,000g, 20min, 4°C). The pellet was resuspended in Tris-HCl buffer 
containing the above reagents along with 10%w/v sucrose and O.lmM 
phenylmethylsulfonyl fluoride (PMSF). The membrane preparation was stored in 
aliquots (1ml) at -80°C until required. The protein concentration of the membrane 
preparation was determined using a bicinchoninic acid (BCA) protein assay reagent kit 
(available from Pierce). 

[ 3 H]-Nisoxetine Binding Assay: 

Each well of a 96 well microtitre plate was set up to contain the following: 
50pi 2nM [N-methyl-^-Nisoxetine hydrochloride (70-87Ci/mmol, from NEN Life 
Science Products) 

75pl Assay buffer (50mM Tris-HCl pH 7.4 containing 300mM NaCl and 5mM KC1) 
25p! Test compound, assay buffer (total binding) or lOpM Desipramine HC1 (non- 
specific binding) 

50|j,l Wheatgerm agglutinin coated poly (vinyltoluene) (WGA PVT) SPA Beads 

(Amersham Biosciences RPNQ0001) (lOmg/ml) 
50yl Membrane (0.2mg protein per ml) 

The microtitre plates were incubated at room temperature for 10 hours prior to 
reading in a Trilux scintillation counter. The results were analysed using an automatic spline 
fitting programme (Multicalc, Packard, Milton Keynes, UK) to provide Ki values for each of 
the test compounds. 

Serotonin Binding Assay 

The ability of a test compound to compete with [^-citalopram for its binding 
sites on cloned human serotonin transporter containing membranes has been used as a 
measure of test compound ability to block serotonin uptake via its specific transporter 
(Ramamoorthy, S., Giovanetti, E., Qian, Y., Blakely, R., (1998) /. Biol Chem. 273: 
2458). 

Membrane Preparation: 
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Membrane preparation is essentially similar to that for the norepinephrine 
transporter containing membranes as described above. The membrane preparation was 
stored in aliquots (1ml) at -70°C until required. The protein concentration of the 
membrane preparation was determined using a BCA protein assay reagent kit. 

[ 3 H]-CitaIopram Binding Assay: 

Each well of a 96 well microtitre plate was set up to contain the following: 
50pl 2nM [ 3 H]-Citalopram (60-86Ci/mmol, Amersham Biosciences) 
75jil Assay buffer (50mM Tris-HCl pH 7.4 containing 150mM NaCl and 5mM KC1) 
25^1 Diluted compound, assay buffer (total binding) or IOOjuM Fluoxetine (non- 
specific binding) 
50nl WGA PVT SPA Beads (40mg/ml) 
50|nl Membrane preparation (0.4mg protein per ml) 

The microtitre plates were incubated at room temperature for 10 hours prior to 
reading in a Trilux scintillation counter. The results were analysed using an automatic spline 
fitting programme (Multicalc, Packard, Milton Keynes, UK) to provide Ki (nM) values for 
each of the test compounds. 

Dopamine Binding Assay 

The ability of a test compound to compete with [^-WIN35,428 for its binding 
sites on human cell membranes containing cloned human dopamine transporter has been 
used as a measure of the ability of such test compounds to block dopamine uptake via its 
specific transporter (Ramamoorthy et al 1998 supra). 

Membrane Preparation: 

Is essentially the same as for membranes containing cloned human serotonin 
transporter as described above. 

[ 3 H]-WIN35,428 Binding Assay: 

Each well of a 96well microtitre plate was set up to contain the following: 
50pl 4nM [^-WINSS^ (84-87Ci/mmol, from NEN Life Science Products) 
7 5^1 Assay buffer (50mM Tris-HCl pH 7.4 containing 1 50mM NaCl and 5mM KC1) 
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25 pi Diluted compound, assay buffer (total binding) or IOOjliM Nomifensine (non- 

specific binding) 
50pl WGA PVT SPA Beads (lOmg/ml) 
SOjjiI Membrane preparation (0.2mg protein per ml.) 

The microtitre plates were incubated at room temperature for 120 minutes prior to 
reading in a Trilux scintillation counter. The results were analysed using an automatic spline 
fitting programme (Multicalc, Packard, Milton Keynes, UK) to provide Ki values for each of 
the test compounds. 

Acid Stability 

The acid stability of a compound according to the present invention was 
determined as a solution in buffer at 6 different pH values (HC1 0.1N, pH 2, pH 4, pH 6, 
pH 7, and pH 8) at 40°C over a time course of 72 hours. Samples were taken at the 
beginning of the study and after 3, 6 and 24 hours and analysed by capillary 
electrophoresis. The original sample used in this study contained 0.8% of the undesired 
epimer as internal standard. The samples taken at the different time points during the 
study did not show any significant change in the percentage of the undesired epimer. This 
assay confirms that compounds of the present invention are chemically and 
configurationally stable under acidic conditions. 

In Vitro Determination of the Interaction of compounds with CYP2P6 in Human 
Hepatic Microsomes 

Cytochrome P450 2D6 (CYP2D6) is a mammalian enzyme which is commonly 
associated with the metabolism of around 30% of pharmaceutical compounds. Moreover, 
this enzyme exhibits genetic polymorphism, resulting in the presence of both normal and 
poor metabolizers in the population. A low involvement of CYP2D6 in the metabolism of 
compounds (i.e. the compound being a poor substrate of CYP2D6) is desirable in order to 
reduce any variability from subject to subject in the pharmacokinetics of the compound. 
Also, compounds with a low inhihibitor potential for CYP2D6 are desirable in order to 
avoid drug-drug interactions with co-administered drugs that are substrates of CYP2D6. 
Compounds can be tested both as substrates and as inhibitors of this enzyme by means of 
the following assays. 
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CYP2P6 substrate assay 
Principle: 

This assay determines the extent of the C YP2D6 enzyme involvement in the total 
oxidative metabolism of a compound in microsomes. Preferred compounds of the present 
invention exhibit less than 75% total metabolism via the CYP2D6 pathway. 

For this in vitro assay, the extent of oxidative metabolism in human liver 
microsomes (HLM) is determined after a 30 minute incubation in the absence and 
presence of Quinidine, a specific chemical inhibitor of CYP2D6. The difference in the 
extent of metabolism in absence and presence of the inhibitor indicates the involvement 
of CYP2D6 in the metabolism of the compound. 

Materials and Methods: 

Human liver microsomes (mixture of 20 different donors, mixed gender) were 
acquired from Human Biologies (Scottsdale, AZ, USA). Quinidine and (5-NADPH 
(P— Nicotinamide Adenine Dinucleotide Phosphate, reduced form, tetrasodium salt) were 
purchased from Sigma (St Louis, MO, USA). All the other reagents and solvents were of 
analytical grade. A stock solution of the new chemical entity (NCE) was prepared in a 
mixture of Acetonitrile/Water to reach a final concentration of acetonitrile in the 
incubation below 0.5 % . 

The microsomal incubation mixture (total volume 0.1 mL) contained the NCE (4 
jjM), p-NADPH (1 mM), microsomal proteins (0.5 mg/mL), and Quinidine (0 or 2 juM) 
in 100 mM sodium phosphate buffer pH 7.4. The mixture was incubated for 30 minutes at 
37 °C in a shaking waterbath. The reaction was terminated by the addition of acetonitrile 
(75 {jL). The samples were vortexed and the denaturated proteins were removed by 
centrifugation. The amount of NCE in the supernatant was analyzed by liquid 
chromatography /mass spectrometry (LC/MS) after addition of an internal standard. A 
sample was also taken at the start of the incubation (t=0), and analysed similarly. 

Analysis of the NCE was performed by liquid chromatography /mass 
spectrometry. Ten jjL of diluted samples (20 fold dilution in the mobile phase) were 
injected onto a Spherisorb CN Column, 5 pM and 2.1 mm x 100 mm (Waters corp. 
Milford, MA, USA). The mobile phase consisting of a mixture of Solvent A/Solvent B, 
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30/70 (v/v) was pumped (Alliance 2795, Waters corp. Milford, MA, USA) through the 
column at a flow rate of 0.2 ml/minute. Solvent A and Solvent B were a mixture of 
ammonium formate 5.10' 3 M pH 4.5/ methanol in the proportions 95/5 (v/v) and 10/90 
(v/v), for solvent A and solvent B, respectively. The NCE and the internal standard were 
5 quantified by monitoring their molecular ion using a mass spectrometer ZMD or ZQ 

(Waters-Micromass corp, Machester, UK) operated in a positive electrospray ionisation. 

The extent of CYP2D6 involvement (% of CYP2D6 involvement) was calculated 
comparing the extent of metabolism in absence and in presence of quinidine in the 
incubation. 

10 The extent of metabolism without inhibitor (%) was calculated as follows: 

(NCE response in samples without inhibitor)timeO - (NCE response in samples without inhibitor)time30 ^ ^ 
(NCE response in samples without inhibitor)time 0 

The extent of metabolism with inhibitor (%) was calculated as follows: 

(NCE response in samples without inhibitor)time 0 - (NCE response in samples with inhibitor)time 30 ^ 1QQ 
(NCE response in samples without inhibitor)time 0 



15 



20 



where the NCE response is the area of the NCE divided by the area of the internal 
standard in the LC/MS analysis chromatogram, timeO and time30 correspond to the 0 and 
30 minutes incubation time. 

The % of CYP2D6 involvement was calculated as follows : 



(% extent of metabolism without inhibitor) - (% extent of metabolism with inhibitor) ^ 
% extent of metabolism without inhibitor 



CYP2D6 inhibitor assay 
Principle: 

2 5 The CYP2D6 inhibitor assay evaluates the potential for a compound to inhibit 

CYP2D6. This is performed by the measurement of the inhibition of the bufuralol 1'- 
hydroxylase activity by the compound compared to a control. The I'-hydroxylation of 
bufuralol is a metabolic reaction specific to CYP2D6. Preferred compounds of the present 
invention exhibit an IC^ higher than 6 pM for CYP2D6 activity, the IC^ being the 

3 0 concentration of the compound that gives 50 % of inhibition of the CYP2D6 activity. 
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Materials and Methods: 

Human liver microsomes (mixture of 20 different donors, mixed gender) were 
acquired from Human Biologies (Scottsdale, AZ). (J-NADPH was purchased from Sigma 
5 (St Louis, MO). Bufuralol was purchased from Ultrafine (Manchester, UK). All the other 

reagents and solvents were of analytical grade. 

Microsomal incubation mixture (total volume 0.1 mL) contained bufuralol 10 |jM, 
P-NADPH (2 mM), microsomal proteins (0.5 mg/mL),« and the new chemical entity 
(NCE) (0, 5, and 25 jjM) in 100 mM sodium phosphate buffer pH 7.4. The mixture was 

1 0 incubated in a shaking waterbath at 37 °C for 5 minutes. The reaction was terminated by 

the addition of methanol (75 jjL). The samples were vortexed and the denaturated 
proteins were removed by centrifugation. The supernatant was analyzed by liquid 
chromatography connected to a fluorescence detector. The formation of the V- 
hydroxybufiiralol was monitored in control samples (0 pM NCE) and in the samples 

15 incubated in presence of the NCE. The stock solution of NCE was prepared in a mixture 

of Acetonitrile/Water to reach a final concentration of acetpnitrile in the incubation below 
1.0%. 

The determination of rhydroxybufuralol in the samples was performed by liquid 
chromatograhy with fluorimetric detection as described below. Twenty five |jL samples 
2 0 were injected onto a Chromolith Performance RP-18e column (100 mm x 4.6 mm) 

(Merck KGAa, Darmstadt, Germany). The mobile phase, consisting of a mixture of 
solvent A and solvent B whose the proportions changed according the following linear 
gradient, was pumped through the column at a flow rate of 1 ml/min: 



Time (minutes) 


Solvent A (%) 


Solvent B (%) 


0 


65 


35 


2.0 


65 


35 


2.5 


0 


100 


5.5 


0 


100 


6.0 


65 


35 



25 

Solvent A and Solvent B consisted of a mixture of 0.02 M potassium 
dihydrogenophosphate buffer pH3/ methanol in the proportion 90/10 (v/v) for solvent A 
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and 10/90 (v/v) for solvent B. The run time was 7.5 minutes. Formation of 1*- 
hydroxybufiiralol was monitored by fluorimetric detection with extinction at X 252 nm 
and emission at A, 302 nm. 

The IC 50 of the NCE for CYP2D6 was calculated by the measurement of the 
percent of inhibition of the formation of the l'-hydroxybxifiiralol in presence of the NCE 
compared to control samples (no NCE) at a known concentration of the NCE. 

The percent of inhibition of the formation of the l'-hydroxybufuralol is calculated 

as follows: 

(r-hydro>ybufuralol formed without inhibitor) - (r-hydroxybxifuralol formed with inhibitor) ^ 
(r-hydroxybufuralol area formed without inhibitor) 

The IC^ is calculated from the percent inhibition of the formation of the 1'- 

hydroxybufuralol as follows (assuming competitive inhibition): 

NCE Concentration x(l00- Percent of inhibition) 
Percent of inhibition 

The IC 50 estimation is assumed valid if inhibition is between 20% and 80% 
(Moody GC, Griffin SJ, Mather AN, McGinnity DF, Riley RJ. (1999) Fully automated 
analysis of activities catalyzed by the major human liver cytochrome P450 (CYP) 
enzymes: assessment of human CYP inhibition potential. Xenobiotica 29(1): 53-75). 

Activity of Norepinephrine Reuptake Inhibitors in The Morphine Withdrawal. Rat 
Hot Flush Model 

Simpkins et al. ((1983) Life ScL 32:1957-1966) first published morphine 
withdrawal in the rat as a putative model for hot flushes, based on observations 
highlighting the similarity of symptoms of gonadal steroid withdrawal to those of opioid 
withdrawal. Although less severe, the signs and symptoms associated with clinical hot 
flushes, or estrogen deficiency, in the rat parallel those produced by naloxone-precipitated 
withdrawal in morphine dependent rats, including: 1) an increase in tail skin temperature; 
2) a surge in luteinizing hormone; and 3) an increase in heart rate. Each of these 
responses is associated with an increase in sympathetic outflow, which is a current 
mechanistic hypothesis for hot flushes. As a corollary, morphine addicted hu m a n s show 
a withdrawal pattern suggesting increased sympathetic outflow and symptoms that 
include hot flushes. 
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A key requirement of animal models is that they mimic the treatment efficacy 
observed with the human disease. The morphine withdrawal hot flush model, either in its 
originally described form, or with the modifications described herein, is responsive to 
agents typically used in the treatment of human hot flushes. This includes various forms 
5 of estrogen (Simpkins et al. (1983) supra), clonidine (data not shown), tibolone (data not 

shown), and medroxyprogesterone (data not shown). Furthermore, the model is sensitive 
to agents known to be associated with the induction of hot flushes in postmenopausal 
women, i.e., raloxifene (Merchenthalei; et al. (1998) Maturitas 30: 307-316). 

In this example, a modification of the original procedure of Simpkins et al. (1983) 
10 is used, employing ovariectomized Sprague-Dawley rats. Animals at 60 days of age (or 

200-225 grams) are ovariectomized, and allowed a 14-day rest period to insure surgical 
recovery and clearance of endogenous ovarian hormones. Test compound administration 
(po or sc) is initiated on day 14 post-ovariectomy in a volume of 1 ml/kg. Once daily 
adminstration of test compounds continues through the end of the experiment. On days 
15 15 and 17 post-ovariectomy, the rats are lightly anesthetized with isoflurane and a single 

75 mg morphine (free base) pellet is surgically implanted subcutaneously. 

On day 21 post-ovariectomy, animals are given ketamine (80mg/kg; IM) 2 hours 
. after final administration of the test compound. Following induction of the anesthesia, 
rats are then placed in individual plexiglass cages and temperature sensitive probes are 
2 0 applied to the dorsal side of the tail base. Temperature monitoring is initiated 30 minutes 

after administration of ketamine, and is recorded every 15 seconds for a 1-hr period. To 
induce morphine withdrawal, lmg/kg naloxone is given subcutaneously 15 minutes after 
start of temperature monitoring. A sharp rise in tail skin temperature typically occurs 
within 5 minutes post-naloxone injection, and two quantitative endpoints are made: 1) 

2 5 tail skin temperature at 15 minutes post-naloxone, and 2) area under the temperature 

response curve for the 45 minute post-naloxone measurement period. 

Compounds are dosed either subcutaneously or orally at the doses listed in Table 
1, below. Ethinyl estradiol is dosed orally at 0.3 mg/kg as a positive control. The 
selective norepinephrine reuptake inhibitors desipramine, (R,S)-reboxetine, and (i?)-thio- 

3 0 nisoxetine (Gehlert et al. (1995) Life ScL 56(22): 1915-1920) are tested. Using area under 

the curve measurements, the response induced by each compound is calculated as a 
percent inhibition of temperature increase versus the morphine control. Ethinyl estradiol 
generally inhibits the temperature increase by 70-90%. At 10 mg/kg, desipramine shows 
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a 101% inhibition, reboxetine (5 mg/kg) shows a 94% inhibition, and (fl)-thionisoxetine 
(5 mg/kg) shows a 101% inhibition compared to the morphine control. 



Table 1 



Compound 


Route of 
Administration 


Dose 


% Inhibition 
vs. Morphine 
Control 


Ethinyl 
Estradiol 


PO 


0.3 mg/kg 


89, 73, 90 


Desipramine 


PO 


10 mg/kg 


101% 


Reboxetine 


SC 


5 mg/kg 


94% 


(*)- 
thionisoxetine 


sc 


5 mg/kg 


101% 



5 

Double-Blind. Placebo-Controlled Study to Determine th e Effect of Selective 
Norepinephrine Reuptake Inhibitors on Patients Suffering Hormonal Variation and 
Hot Flashes 

Approximately twenty patients diagnosed as suffering from hormonal variation 
10 and hot flashes receive either a selective norepinephrine reuptake inhibitor or a placebo. 

Each subject participates in six randomized test periods. In three of the test periods, each 
subject is given a selective norepinephrine reuptake inhibitor, and in the other three test 
periods, is given a placebo. Efficacy of the test compound is assessed by reference to 
immunological profile, rating scales, checklists and diminishment of the attendant disease 
15 state. 

The results of this study would demonstrate the effectiveness of a selective 
norepinephrine reuptake inhibitor with respect to placebo in the treatment or prevention 
of hot flashes following drug treatment. 



20 



The invention being thus described, it is obvious that the same can be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and 
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scope of the present invention, and all such modifications as would be obvious to one 
skilled in the art are intended to be included within the scope of the following claims. 



